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PREFACE 

WiniiN the past few years many fuels which had been generally regarded as 
worthless, unsatisfactory or unsaleable, either because of their low calorific value, 
high ash or moisture content, size, or for other reasons, are now being efficiently 
utilised in increasing quantities. For iastance, only a few years since coke breeze 
was’to a large extent unsaleable--it may, in fact, be said that its value for 
steam generation received but tardy recognition, and it has only been removed 
from the category of waste fuels as the result of .stringent fuel conditions and 
high prices. 

During the period of Coal Control, and particularly at the time when an 
increasing demand for fuel synchronised with a decreasing output of coal, it was 
conclusively demonstrated that many low grade and waste fuels could be efficiently 
utilised for steam generation and for other purposes. 

T4c striking increase in the utilisation of low grade and waste fuels within 
recent years may be attributed to various reasons, not the least important of which 
are economic. High coal prices, heavy freight charges, reduceil output, and con¬ 
sequent shortage have been responsible for a marked increase in the consumption 
of low grade and waste fuels in Great Britain, and in other countries. 

In some European countries and also in Australia, for the same or similar 
reasons, ^ great impetus has been given to the development of available low 
grade high moisture, ftiels, such as peat, lignite, and brown coal. . * 

There arc distinct signs that this (leveloj)ment is not merely sj)asmodic or 
transient, but that it will steadily continue. In Denmark and Italy the*output 
and u.se of peat has increastsl considerably, as has also the production and use of 
Ijgnite and brown r^oal in Germany, Italy, and Czecho Slovakia. So rapidly is 
the outj)ut of lignite increasing in Germany that within the next few years it is 
certain to considerably exceed the ])roduetion of coal. 

The very important brown coal developments at Morwell (Victoria), Australia, 
may be .said to be directly due to two reasons;—(I) The frequent shortage of 
imported coal .supplies and their high cost, and (2) the determination^ to foster 
industrial expansion by providing an ain|)le and cheap supply of electric energy 
for power purposes, utilising on the coal field a very cheaply mined fuel, which 
in^ts :|^w .state must, hy reason of its high moisture content, be tegarded as a low 
‘grade fuel. One very imjjortant factor in the utilisation of the lower grade and 
wa*te fuels has been the marked improvement in furnace design and the close 
attention which has been*devotcd to the design of machine-fired furnaces, with the 
practical el^nination of manual labour both in the handling of fuel and ash. 
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In Canada for several yCars past exhaustive and valuable researchf and 
experimental work with lignite has been proceeding. The development of the 
immense lignite deposits of Western Canada is essential if a large section of t^e 
•Dominion is to become independent of expensive imported coal. • C 

An American writer has termed lignite “ the fuel of the future.” Taking 
a long view there is much truth in this observation, bearing in mind that about 
ode-third of the coal reserves of the United States are lignite. 

MTiile this is true of the United States, it is equally true in so far as the coal 
reserves of many other countries are concerned. 

Although the use of fuel in pulverised form does not come within the scope 
of this work, there can be no doubt that with the successful development of thif 
system of firing it will be possible to utilise a considerable range of fuels whicl 
are now' to a large extent regarded as useless. 

Coal dust, sweepings, smudge and washery settlings, if air dried and th( 
moisture reduced to from 5 to 8 per cent., may thus be utilised for steam generation 
with an evaporative output and a thermal efficiency which is impossible with any 
other system of firing. 

The possibilities of pulverised fuel firing are such that the future accumulations 
at collieries should be confined entirely to bats qpd pickings, wliich by reason of 
the embedded condition of the combustible, and tlie high percentage of incom- 
bu.stible, are to a large extent commercially unuscable. <’ 

To many friends at home and abroad who have kindly furnished much useful 
data and information, and to others in British dominions and elsewhere overseas 
who so willingly granted facilities for inspection and investigation, the Author 
desires to tender his sincere thanks. 

W. F. G. 


* London,, W.C.2 

November 1923 
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CHAPTER I 

THE UTILISATION OF WASTE FUELS AND COAL 
CONSERVATION 

“ Every basket is power and civilisation.* For coal is a j>ortable climate. It 
carries the heat of the tropics to Labrador and the Polar circle, and it is the means 
of traiLsporting itself whithersoever it Ls wanted. Watt and Stepheason whispered 
in the ear of mankind their secret, that half an ounce of coal will draw two tons a 
mile, and coal carries coal by rail and boat, to make Canada as warm as Calcutta, 
and with its comfort brings its industrial power.” 

The elHcient utilisation of waste and low grade fuels, and the elimination of 
all avoidable loss by making the fullest possible use of all combustible, so far as 
» may be commercially practicable, have a direct and important bearing upon 
conservation, the necessity of which has not yet been fully realised. 

The conservation of coal is a many-sided and complex jnoblem, the solution 
of which will not be found in the generally efficient use of the higher grade fuels 
alone, vitally important as this is. 

In Technical Paper No. 123,^ entitled “ Notes on the Use of Low Grade Fuel 
in Europe,” by R. H. Fernald, issued by the United States Bureau of Mines, the 
author thus refers to the conditions in the United States:— 

“ A careless indifference to efficient utilisation, due in great measure to the 
abimdance of our resources, have led us to neglect far too long the serious con¬ 
sideration of problems upon which hinge many of the jmssible activities of future 
generations. 

“ The, unrestricted use of our better grade fuels, and the ruthless waste and 
neglect of fuels that should be of real commercial value, are phases of our national 
extravagance that arc little short of appalling.” 

It may be assumed that this fairly described the conditions obtaining in 
theJUnited States eight years since, conditions which to a very large extent remain 
unchanged. It may be further observed that Mr Fernald’s criticism very accurately 
describes the conditions which obtain in Great Britain at the present time. 

* See Emerson on “ The Po^er of Coal." 

’ “Notes #n the Use of Low Grade Fuel m Europe,” by R. H. Fernald. Teehnieal Paper 
No. 123, Department of t|jp Interior, Bureau of Mines, 1915. 
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Coal haa been termed “ tBfe |)asic foimdation of our civilisation,” the material 
foundation of all industry, and our most valuable natural asset. In any con¬ 
sideration of the utilisation of low grade and waste fuels it is desirable to review 
our present position as a coal-producing (?ountry, in comparison with that of dtter 
coal-producing countries, pi,rticularly from the point of view of our reserves, our 
present inefficient methods of use, and our failure generally to apply the elementary 
principles of conservation. 

To a very large extent coal is still used as though the supplies were inex¬ 
haustible, and the cost immaterial. • It must at the same time be frankly conceded 
that owing to conditions brought about as the result of the war, much more 
interest than hitherto has been evinced in questions of fuel economy, but to a 
.serious degree this interest has been merely transient, and it would be idle to 
state that the position generally at this time shows any very marked advance or 
improvement upon the conditions which obtained ten years since. 

The present position is that from the point of production—the colliery— 
throughout our industries, with the solitary exception of the carbonisation in¬ 
dustries only, and also in our homes, the waste of fuel from the best grades to 
the most inferior grades is widespread and enormous. Professor Vivian B. Lewes, 
F.I.C., F.C.S.,^ thus referred to the waste of fuel in this country only a few years 
since:—Our waste of solid fuel has been a disgrace to us as a civilised nation, but 
it is a waste in consumption brought about by improper methods of use, afld .selfish 
disregard of what the future might bring forth for others.” 

It is scarcely necessary to observe that during the few years which have passed | 
since the above opinion was expre.ssed, the cost of coal has increased very con¬ 
siderably, nevertheless it must be admitted that our waste of solid fuel is still a 
disgrace to us as a civilised nation, that improper methods of use to a very large 
extent still obtain, and that, generally speaking, we are no more concerned with 
the fuel problems of posterity than with the present insistent need for efficiency. 

Iq. his evidence before the Coal Industry Commission in 1919,^ Sir Richard 
A. S. Redmayne, K.C.B., made the following observations ;— 

“ . . . Science is not brought to bear upon the coasumption of fuel to any¬ 
thing like the extent it should be, and we are extraordinarily ignorant as a nation 
as to the quality of coal that exists in the co\mtry. We have actually to go to 
Sweden to find the best work on the quality of British coal. 

“ I have found during the time I have been on the Coal Exports Committee that 
the foreigner has a better knowledge of the qualities of British coal than the ordinary 
British consumer.” 

Questioned thus by Sir Adam Nimmo ;—“ Does it not amount to this, 1;hal 
it is the consumer in this country who requires to be stirred up, more thar 
the coal owner*? ” Sir Richard Redmayne replied:—“ I think they both want 
stirring up.” 

Those who have been concerned with steam generation and fuel problems ii 

* ** Oil Fuel,” by Profraiaor Vivian B. l^wes, F.I.CJ., F.C.S. (page 227).* 

* Report of the Coal Industry Commission, vol. xi., I919. * 
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this country will emphatically endorse Sir Richard Redmayne’s opinion, that both 
those who own and produce coal and those who use it want stirring up. 

• , Mr H. C. Hoover referring to the bituminous coal industry in the United States 
is reported to have said that “ the industry was the worst functioning of all' 
industries.” 

While not desiring to go so far as to .suggest that this observation may be fairly 
applied to the coal industry in Great Britain, it may nevertheless be stated that 
the scope for economy at collieries is enormous, and the extent of the preventible 
waste is both very serious and widespread. 

If the colliery industry generally were conducted with a view to the con¬ 
servation of coal it would be the general rule to utilise at the point of production 
the lower grades of unsaleable fuel, thus releasing for the market the maximum 
percentage of the total saleable output. 

There are collieries operated upon such lines, but there are others—and they 
are not a few—where these conditions do not obtain. Not only are grades of 
fuel burned which should be available for revenue production, but consequent 
upon the u.se of antiquated and uneconomical steam plant the consumption is 
excessive. 

The waste at colheries is by no means confined to the inefficient use of coal 
and steam, the various reports of the Royal Commissions have all directed attention 
to the serious waste in its several phases. 

In a paper read before the South Wales Institute of Engineers in 1918 by 

• Mr W. T. Lane,* the waste and loss at collieries were thus referred to;— 

“ During the past some hundreds of millions of tons of valuable small coal 

• have been deliberately lost The immediate prevention of this suicidal process 
of waste is essential, and should be prevented by the introduction of legislation.” 

Waste at collieries has not escaped the notice of Mr Frank Hodges, who, in 
his work entitled “ Nationalisation of the Mines,” * states that annually “ small 
coal to the extent of million tons is lost through the use of inadequate maAinery 
for separating it from the rubbish and refuse at the surface, inefficient methods of 
working, and water logging.” 

In the Final Report of the Coal Conservation Committee, under the heading 
“ Loss through small coal cast back underground,” the following information is 
given:— 

The information^ thus obtained shows that the only coalfields in which a 
substantial loss from the above cause is at present taking place are:— 

Nottinghamshire and South Derbyshire. 

Leicestershire and South Derbyshire. 

Warwickshire. 

South Wales. 

‘ “ Fuel Economy and Power Production,” by W. T. Lane. Pioceeiings oj the South Ifutca 
Institute of Engii^ers, 1918. * 

• “ NationaliBation of the Mines,” by Frank Hodges (page 36). 

’ Coal Conservation Committee Final Report, 1918 (page 52). 
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In the remaining coalfields little or no loss appears to be taking place, all the 
small coal which it seems in any way practicable to save being brought to bank. 

Generally it appears that the total ayiproximate quantity of small coal casf 
back in the coalfields of Great Britain at the present time is 2,325,000 tons" per 
annum, as shown in the following summary :— 


C‘t>aIficldH. Tons. 

Nottingliamshire and South Derbyshire . . 574,000 

Leicestershire and South Derbyshire . . . 184,000 

Warwickshire ....... 65,000 

South Wales.1,.502,000 


2,325,000 

As indicative of the waste in industrial fuel consumption the following extract 
from the Report of the Fuel Research Board for 1918-1919 will be of interest; it is 
quoted because it so completely and strikingly confirms the frequently expre.ssed 
opinions of many engineers, who have been in close touch with the utilisation of 
coal for steam generation and other industrial purposes :— 

■‘ ... It follows 1 from these considerations that in any practical jnogramme 
for fuel economy, the first place ought to be assigned to the putting in> order by 
the consumers themselves of a system of control which will ensme that a stop shall 
be put to gross waste, and that the existing appliances and known methods are^ 
worked to the best advantage. There is no doubt that in the majority of industrial 
undertakings a reduction of from 5 per cent, to 20 per cent, could be secured within 
a year at a relatively trifling expenditure on wages, and small alterations of 
apparatus. In one case known to us a saving of 30 per cent, on the fuel con¬ 
sumption was effected during the past year, merely by the application of more 
perfect control.” 

It cannot be too strongly or too frequently emphasised that i)reventiblc fuel 
waste represents a collossal direct tax upon industry, a tax which, unlike other 
taxes under which industry groans, is self-imposed, and which may be and should 
be removed, not only in the interests of the individual and the industry, but in 
the wider interests of the nation. 

Avoidable waste due to inefficient use is not confined to this country and the 
United States, it is found in almost every country without exception. The steps 
which have been and are being taken to combat waste furnish in themselves very 
conclusive evidence not only that wasteful conditions are general, but also- that 
the imperative need for conservation is now generally recognised and conceded. 

In Canada' a Commission of Conservation has been actively working for Some 
years past. In France a company subsidised by the French Government (L’Ofiice 
Central de Chauffe Rationale de Paris) assists steam users, provides training for 
men, and conducts research work. 


‘ Report of the Fuel Research Board, 11)18*1910 (page 19). 
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There is much activity in Germany, colliei;y*consumption, carbonisation of 
coal and lignite, and the utilisation of low grade fuels, illustrate the scope of 
<)peration8 of the Fuel Research and Utilisation Committee of the Advisory Council. 
Eveli in the smaller European countries, having but a comparatively insignificant 
coal consumption, conservation is receiving very serioui, attention. 

In Denmark, for instance, the Dansk Braendsels-og-Kontrolforening (Danish 
Association for the Control of Fuel), established in 1918 has done very useful work 
in the promotion of fuel economy. 

This Association, which is mamtained partially by subscribers and partially 
by a state Subsidy, carries out investigations, makes suggestions for economy in 
the use of fuel, and undertakes staff training. 

At Prague, Czecho Slovakia, an “ Institute for the Kconomic Use of Fuel ” 
has been established by a Government ordinance. Its operations will cover the 
whole of the Republic, and arc defined as “ the systematic investigation of fuel, 
and the places of its deposit, with their development.” 

In Holland there are three organisations actively concerned with the efficient 
use of fuel. The Vereeniging tot Bevordering van Rookrij Stoken (Association 
for the Improvement of Smokeless hiring), founded in 1908; The Vereeniging van 
Gebruikers van Stoomketels en Krachtwerktingen (Association of Users of Steam 
Boilers and Power Plant), established in 1915; and The Bureau voor Warmte en 
Krachteconomie (Bureau of Heat and Power Economy), founded by Royal Decree 
in 1921. 

, These Associations undertake plant investigation, evaporative tests, suggest 
improvements in operation and control, also in the methods of recording 
technical data: the object being the maintenance of plant at a high standard 
of efficiency. 

In France an Inter-ministerial Commission has been instituted by decree, 
the function of which Avill be to centralise all inve.stigation and research work 
relating to fuel production, and to increase the production of coal, peat, Jignite, 
etc., in France and French possessions. 

In the United States, all fuel problems arc being investigated by the Biueau 
of Mines. The scope for conservation was tints e.vpressed by David Moffat Myres, 
who did such valuable work in the promotion of fuel economy during the war 

“ If all the well-known and well-tried methods of fuel conservation were put 
into effect throughout the United States, the resultant saving would amount to 
75 to 100 million tons of coal ))er year, without reference to the saving that could 
be effected in the use of other fuels. If those engineers who know what to do and 
how to do it, were turned loose with a free hand, this would be the result.” _ 

In England H.M. Fuel Research Board is engaged in ijivestigation and research 
worS, the nature and scope of which cannot but be of immense value to the 
nation. 

Despite all that has and is being done waste and inefficiency are still general. 
In those countries producing little or no coal, and having to rely mainly upon 
imported coal, there yould appear to be little doubt that much closer attention is 
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being devoted to questions of^f^el economy than hitherto, but in the great coal- 
producing countries the process of education is slow, the “ coal conscience ” has 
not been awakened, and there would appear to be no widespread determination 
or effort to efficiently utilise the higher i-grades of fuel, or to make an extelisive 
use of low grade fuels. la short, we have yet to see any real determination to 
grapple with the problems of conservation upon a scale at all commensurate with 
their importance and urgency. 

Not only is coal our most valuable natural asset, but it is a diminishing or 
wasting asset. Even were all done which might be done along proved lines of 
conservation, we should still be face to face with the fact that our coal resources 
are being steadily depleted. ^ 

The, Royal Commission of 1866 reported that the available coal in proved areas 
at less than 4000 feet in depth was about 90,000 million tons; further, that in 
other unproved areas 56,000 million tons was available. 

The Royal Commission of 1901 reported the available quantity to be 
approximately 101,000 million tons of proved coal, and about 39,000 million tons 
in unproved areas, also that at depths in excess of 4000 feet some 5200 million 
tons was available. 

In 1912 Dr Straham, the eminent geologist, estimated the available tonnage 
within 4000 feet of the surface as 178,727 million tons, while three years later 
Professor H. S. Jevons e.stimated the available tonnage as 197,00'<5 million 
tons. 

Interesting as these figures are the vital question is not how much coal is t 
available at any depth or in any location, but rather how nuich useable 
coal is available which can be mined at an economic cost, such a cost in fact as 
will enable us to successfully compete with other coal-producing and industrial 
countries. 

The following data showing the output of coal in the cliief producing countries 
of the^world for the years 1919 and 1920 have been extracted from the Report of 
the United States Geological Survey, dated April 9th, 1921 ;— 



1910. 

Tons. 

1929. 

Tons. 


Canada .... 

9,756,019 

15,080,597 


United States . 

. 495,460,893 

585;732,560 


Austria .... 

89,744 

133,173 


Belgium 

. 18,342,950 

22,413,535 


Czecho Slovak Republic . 

(10,384,800 
• (17,110,500 

11,130,800 

19,695,500 

coal 

lignite 

France .... 

. 21,546,000 

24,300,000 


Germany 

. 116,500,000 

140,757,433 

coal' 

3> ... 

. 93,800,000 

111,634,000 

lignite 

Spain .... 

3,901,637 

5,367,625 


Spitzbergen * . 

88,776 

• 170,000 

1 


’ Includes Saar Basin, 1919=;8,9!K),0 (j 0 tons; 1920 “9,419,433 tons. , * Incomplete data. 
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1919. 1920. 

Tons. Tons. 

United Kingdom . . . 233,467,478 ■232,975,000 

^Japan. 30,236,000 31,000,0001 

,‘south Africa .... S/,313,232 11,181,846 


Less than half a century ago we were producing nearly one-half of the world’s 
total output. Our comparative output in 1875 and in 1920,* as also the output in 
the United States and Germany for the corresponding periods, are here given 


1875. 1920. 

Tons. Tons. 

United Kingdom . . ].33,,300,0(K) 232,975,000 

United States . . . 46,700,000 585,732,560 

Germany .... 47,800,(KK) 252,391,4.33 


In 1870 the output of British collieries was about 110 million tons, forty years 
later the output had increased to 264-4 million tons. Since 1910 the annual output 
has been as follows :— 


1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 


271-9 million tons. 

260-4 

287-4 

265-7 

253-2 

256-4 

248-5 

226-5 

229-2 


232-9 




It is not within the scope of this work to discuss the reasons why the output 
of 1913 has not been maintained. In so far as the ease for the miners is concerned, 
this has been very ably presented by Mr Frank Hodges in his work entitled, 
“ Nationalisation of the Mines.” * It is a matter for regret that the case for the 
mine owners has not been put with at least equal clearness. 

The above figures have been included only with a view to showing the reduced 
and fluctuating output during a period when the output in the United States has 
been rapidly increasing. 

In order to clearly appreciate the comparative position in Great Britain in 
regard to available coal reserves, it is desirable to compare the extent of our 
reserves with those of other coal-producing countries, in so far a*s these reserves 
have been determined. 

‘ Incomplete data. 

* The total output throughout the world in 1875 was 277,790.000 tons. 

“ “ Nationalisation ol the Mines,” by Frank Hodges. 









8 UTILISATION OP LOW GRADE AND WASTE FUELS 


The actual and probable ‘'(»al reserves within the British Empire are as 
follows:— 

MillionH uf Tons. 

Metric. 

Great Britain and Ireland . * . . 189,533 


Canada . *. 

Newfoundland . 

Australia 

New Zealand . 

British North Borneo. 

India 

Africa 


1,234,269 

500 

167,572 

3,386 

75 

79,001 

56,579" 


1,730,915 


From the above figures it will be clear that the available coal reserves in Great 
Britain and Ireland are rather in excess of 10 per cent, of the total available reserves 
within the British Empire. 

Taking for comparison tho.se countries possessing the greatest reserves, viz., 
the United States, Germany (pre-war), and China, the comparative figures are :— 

Millions of Tons. 

Metric. 

United States ...... 3,838,657 

Germany ...... 423,356 

China ....... 995,587 

Compiiring Great Britain and Ireland with these three countries, it is shown 
that our actual and probable coal reserves are in the following ])ercentages ;— 

To the United States ..... 4-94 per cent. 

,, Germany ...... 44-77 ,, 

^ ,, China ....... 19 01 ,, 

As compared with the actual anti probable coal re.serves in all producing 
countries our percentage is only 2-56 per cent. 

It is interesting, if not consoling, to compare the percentages of the total 
reserves of all the producing countries of the world held by Great Britain, the 
United States, Germany and China;— 

Great Britain.2-56 per cent. 

United States ‘ . . . . . . 51-88 „ 

• Germany ....... 5-72 ,, 

China ....... 13-46 ,, 

The United‘States, China, and also probably Germany will, it is evident, De 
possessed of ample coal reserves long after Great Britain has ceased to be a coal- 
producing country. 

It is true that this period is probably a few centuries*ahead ; and while it may 

> Approximately one-third is lignite. 
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be argued that we should not concern ourselves wfth the problems of posterity, yet 
it may at least with equal fairness be argued that we in our time have nq right 
to waste the basic commodity of industry, with an utter disregard for the claims 
of "future generations. 

Especially should it be borne in mind that we ai e wasting an asset which we 
have done nothing to produce, and which we can do nothing to recreate. 

The various comparative figures of coal reserves which have been quoted are 
total figures, including in all countries not only the higher grade fuels but also all 
reserves, actual and probable, of sub-bituminous coal, brown coal, and lignite. 

The importance of developing and utilising these and other available low 
grade fuels, which has been so frequently emphasised by many authorities, is at 
once apparent when it is borne in mind that within the Briti.sh Empire the 
percentage of sub-bituminous coal, brown coal, and lignite is no less than 57-04 per 
cent, of the total actual and probable coal reserves, while in other countries these 
lower grade fuels represent 35-45 per cent, of the total coal reserves. 

The term sub-bituminous, which is now commonly used, was adopted by the 
United States Geological Survey for fuels which had frequently been called 
" black lignite,” an incorrect term, inasmuch as the coal is usually free from any 
trace of woody structure. 

It is somewhat difficult to separate this class from the bituminous fuels on 
the one hand, and lignites on the other, although it is usually distingui.shed from 
the latter by its colour and freedom from apparent woody structure, and from 
the former by its tendency to disintegrate and slack upon exposure. 

The term lignite, as used by the United States Geological Survey, is restricted 
to coals that are distinctly brown in colom, and usually of a woody texture. 

Some analyses of typical United States sub-bituminous coals arc here given:— 


TABLE No. 1 

I'roximate AmhjHis. Ullimute Amlijsis. 


i 1 

i 

1 

Moisture. 1 

Volatile 

Content. 

c 

t S 

-I- 

Sulphur. 

Hydrogen. ‘ 

e 

J 

h 

cS 

u 

Xitrogen. i 

d 

O 

CAl 

J 

H 

iSimpson, Colonulo ■ 18-68 

34-88 

40-05 

5-99 

-55 

6-07 

.57-46 

1-15 

28-78 

10,143 

i 

Bed Lodge, Montana i 11-0.5 

35-90 

42-08 

10-97 

1-73 

5-37 

59-08 

1-33 

21-52 

10,539 

Gidlup, New Mexico j 10-79 

33-82 

36-73 

18-66 

1-26 

5-22 

55-07 

-95 

lS-84 

9,907 

; Kenton, Washington \ 14-30 

33-03 

41-30 

11-37 

-72 

5-73 

57-27 

1-17 

23-74 

10,208 

'Lial Creek, \ 

; Washington | ’ 

36-82 

40-72 

10-41 

-34 

5-75 

58-15 

• 

1-.37 

23-98 

10,414 

I i 1 

i Htinna, Wyoming . 11*30 40*32 

41-07 

7-31 

-28 

5-56 

61-24 

-88 

24-73 

10,756 

! Monarch, Wyoming j 22-6.3 

35-68 

37-19 

4-.50 

-59 

6-39 

54-91 

1-02 

32-59 

9,734 
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The following figures are an*estimate of the actual and probable coal reserves 
of the British Empire and other countries in millions of tons (nietric), comprising 
sub-bituminous coal, brown coal, and lignite only. 

TABLE No. 2 


British Empire — 

Great Britain and Ireland . 

Actual 

Reserves. 

Probable 

Reserves. 

Total. 

Canada .... 

J84,968 

563,482 

948,450 

Newfoundland . 




Australia .... 

219 

32,414 

32,633 

New Zealand . 

612 

1,863 

2,475 

British North Borneo 

, . 



India .... 

225 

2,377 

2,602 

Africa .... 

74 


74 


386,098 

600,136 

986,234 

Other Countries— 

United States . 


1,863,4.52 

1,863,452 

Germanv 

9,313 

4,068 

13,381 • 

Austria-Hungary 

12,585 

1,913 

14,498 

France .... 

301 

1,331 

1,632 

Belgiimi .... 


. . 


Russia .... 

12 

1,646 

1,658 

Spain .... 

394 

.373 

767 

Spitsbergen 



. . 

Bosnia and Herzegovina 

1,7(X) 

1,976 

3,676 

N^herlands 




China .... 


600 

600 

Japan . 

67 

711 

778 

Manchuria, Siberia 


107,844 

107,844 

Indo-China 



. . 

Nertherland India 

734 

337 ’ 

1,071 

Persia .... 





25,106 

1,984,251 

2,009,3.57 


Upon referring to the foregoing tabulated figures it will be observed that there 
are no reserves of these particular low grade fuels in Great Britain and IrelanS, 
which only serves to emphasise the necessity for devoting close attention to the 
utilisation of the various lower grade and waste fuels which are available, which 
are now to a serioiis extent neglected, and which will be •discussed in succeeding 
chapters. 
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In an article in The Edinburgh Review, Proffer John W. Cobb, C.B.E., B.Sc., 

Livesey Professor of Coal Gas and Fuel Industries at Leeds University, referred thus 
to the question of coal and its cost 

* “ The position,* apparently, is that we may count with some certainty upon a 
steady and perhaps increasing supply of dear coal, but that the cheap coal, upon 
which the manufacturing methods and complicated organisation of many of our 
industries has been based, is to be counted as a thing of the past.” 

This may be said to accurately represent the present position. There is no 
indication of any relief in the form of cheap coal for industrial purposes. From 
the point of view of conservation this is scarcely a matter for regret, having in 
mind that the high cost of coal, far more than any other factor, has to a certain 
extent enforced increasing economy in its use, whereas when coal was cheap it was 
wasted to a greater extent than at present. 

Even if it were possible to at once reduce the average price of various grades 
of industrial coal to the extent of 2.5 per cent., this would in no way beneficially 
affect questions of inefficiency and waste. On the contrary, cheap coal would tend 
to promote and encourage waste and inefficiency, as it invariably has done in 
the past. 

It is not anticipated that there can be or will be any substantial decrease in 
the cost of coal. The existing condition of the coal industry is such as not to 
encourSge hope in this direction. The present problem is to eliminate all avoidable 
waste under such conditions as obtain. To this end it is imperative that low grade 
and waste fuels should be utilised so far as may be practicable at or adjacent to 
the point of production. 

* “Coal ami Snioki*,” by Professor John \V. Cobb, C.B.E.. B.Sc., F..I.C. 7'/ie Kdiithurgh licvicw, 
October 1921. 



CHAPTER 11 


THE UTILISATION OF COLLIERY WASTE FOR 
STEAH GENERATION 

Under the category of waste fuels at collieries may be placed a considerable range 
of fuels comprising what are known in the various coal-fields as Duff, Gum, iSnmdgc, 
Slurry Culm, Dant, Pond Tank or Washery Setthngs, Fines, Breeze, Ballast, Bats, 
Pickings, etc. 

These fuels vary considerably in calorific value, and ash and moisture content. 
Some are partially or entirely utilised at colUeries or sold, others are banked or 
heaped, and are regarded more or less as unsaleable waste. 

While there has been and still is an increasing tendency to utilise at collieries 
fuels for which there is but little if any commercial demand, thus releasing for the 
market the maximum proportion of the output of better grades of coal, this is by 
no means the established practice. 

Owing to the antiquated equipment of many collieries, in so far as the steam 
power plant is concerned, it is in many cases not jwssible to utilise the lower- 
grades of fuel for steam generation. Under such conditions from 6 per cent, to 
15 per cent, of the total output which might be sold is used, and fuel which should 
be utilised is instead to a large e.xtent tipped to waste. When the author gave 
evidence before The Royal Commission on Coal Supphes (1904), particularly con¬ 
cerning the utilisation of low grade fuels, he submitted the following Table (No. 3),^ 
showing rtie analyses of certain waste fuels, some of which were then being ])aitially 
utilised for steam generation. 

These analyses have not fceen included because they possess any present 
interest or value, but merely for convenient comparison with a number of analyses 
of a variety of waste fuels, which have all been made within the jrast two years, 
and which are included in Table No. 4. 

The analy.ses in Table No. 4 cr)ver a wide range of fuels, many of which have 
been regarded as waste fuels, for which there has been little or no commercial 
demand. 

Some of the very low grade fuels included in this Table, as, for instance, 
bats and pickings, owing to their high a.sh content, and the labour involved ki 
separating the combustible from the incombustible, may be generally regarded 
as useless. 

Many of the washery residues are difficult to deal with, but assuming that 

’ Second Report of the Royal Commission on Coal Supplies, vol. xi., Minutes^f Kvidenee, 1904. 

12 
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the ash content is within reasonable limits, therS should be no difficulty in con¬ 
siderably reducing the moisture content by air drying. 

During the war a considerable number of pit heaps were surveyed. In some 
cases the waste fuel was freshly wrought, in many other cases heaps had been 
.standing for upwards of fifty years, such accumulations usually being at or 
adjacent to “ worked out ” or abandoned pits. A large number of samples were 
taken for analysis, when it was found that quite a considerable proportion could 
be utilised. 

It is only fair to observe that many of these large deposits of low grade fuel 
were accumulated at a time when all fuel was cheap, and the fuels then tipped to 
waste were unsaleable. 


TABLE No. 3 


(Jalorifiu viiluo 


evaporation 
jier Id. of fuel 
fi-om and at 

Volatile 

matter. 

• -'loistiire. 

bustible. 

Park Coal C'ompaiij’, C^okc dust and coal 

212“ Kahr. 

10 2 

22-90 

22-23 

Mirficld dust 

Xunnery Colliery Co., Pond settlings from 

10-:! 

27-43 

16-06 

ShiHield tip 

Low Moor (b., Ltd., Tank settlings 


20-63 

20-66 10-5 

Bradford 

Aldwarkc Main Collicrv, Pickings 

10-8 

35-5 

24-066 

Piotlicrhani 

Moricy Main Colliery Co. Bottom hub 

71 

41-6 

42-0 

N'unnerv Colliery Co., I’ickings from 

8-.0 

24-075 

36-6 

•Sheffield .screens 

., ,. Wiushery refuse 

ol 

17-125 

54-6(i 

„ ,. Pickings 

13-0 

35-16 

9-23 

Fryslon Colliery (k). . Fine washings 

810 

39-36 

38-9 , .. 

New Sharlston Colliery, Washery refuse 

10-28 


11-3 11-4 

XoiTuanton 

„ „ Pond settling.s 

12-04 


0-78 40-2 

Woolley Colliery Co. . „ 

11-60 

21-125 

17-4 

Crawshaw & Warburton, Shale . 

4-45 

27-03 

1)6-63 

I>wslniry 


In Table No. T) are included a series of evaporative tests at collieries with 
Lancashire boilers, both machine fired and hand fired, burning a variety of low 
gjade and waste fuels. 
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’TABLE No. 4 


Low Grade Fuels in Colliery Areas 


District. 


Description. 

Fixed 

carbon. 

Volatile 

matter. 

.Ash. 

Moisture 

Calorific 

value 

B.T.U.’s. 

1. South Staffordshire 


Smudge . 

39-28 

15-7 

24-41 

*21-24 

6,884 

2. West Yorkshire . 


.54-79 

16-41 

23-21 

5-49 

9,653 

3. South Yorkshire . 


»♦ • • 

40-31 

22-27 

24-26 

13-16 

8,566 

4. North Staffordshire 


♦» 

27-81 

11-66 

*34-31 

*26-17 

4,524 

5. South Yorkshire . 


Slurry '. 

49-76 

19-07 

9-72 

*21-49 

9,647 

6. Derbyshire 


39-62 

15-49 

19-06 

*25-86 

7,163 

7. Nottingham 


it 

37-69 

13-46 

19-96 

*28rfU 

6,265 

8. South Yorkshire . 


Washcry silt 

36-47 

17-11 

21-09 

*25-38 

7,141 

9. Lancashire 


„ settlings 

46-63 

23 96 

*27-18 

2-27 

10,607 

10. South Yorkshire . 


., settlings 

52-49 

20-87 

10-53 

*16-17 

10,243 

11. Derbyshire 


„ waste 

46-92 

17-61 

16-43 

*19-08 

9,176 

12. Warwickshire 


„ settlings 

34-75 

21-28 

20-69 

*23-32 

7,212 

13. South Staffordshire 


„ settlings 

„ finings 

45-42 

22-14 

23-24 

12-28 

8,654 

14. North Stafforclshire 


38-41 

19-49 

*32-91 

10-53 

7,1503 

15. Lancashire 


„ settlings 

48-06 

19-28 

22-57 

10-19 

9,426 

16. North Staffordshire 


Heap waste 

38-59 

22-79 

*37-34 

2-34 

8,087 

17. South Staffordshire 


Pit tip 

39-06 

30-16 

18-61 

12-16 

9,677 

18. Lancashire 


Pit heap waste . 

39-67 

27-42 

*30-44 

2-69 

8,952 

10. Worcestershire . 


Mound siftings . 

38-21 

28-49 

22-89 

11-61 

8,669 

20. 


Mound waste . 

37-86 

25-76 

24-44 

11-96 

7,988 

21. South Staffordshire 


Fine tip slack . 

45-51 

25-10 

17-11 

12-36 

• 8,829 

22. North Staffordshire 


Tip waste 

47-49 

24-67 

18-72 

9-18 

9,307 

23. Warwickshire 


Heap slack 

42-56 

29-94 

12-33 

*15-25 

8,834 

24. 


Bats 

37-39 

29-00 

*25-91 

7-60 

8,691 

26. Leicestershire 


*f • • 

27-23 

24-79 

*40-08 

8-02 

6,.548 

26. Derbyshire 


»» • • 

50-69 

25-46 

18-51 

5-42 

10,1537 

27. Leicestershire 


lickings . 

23-32 

24-71 

*44-73 

8-01 

8,722 

28. North Staffordshire 



33-29 

19-46 

*46-19 

1-30 

8,631 

29. Derbyshire 



35-43 

24:22 

*36-78 

4-01 

8,247 

.30. North Staffordshire 



47-89 

27-34 

21-53 

3-26 

10,484 

31. Leicestershire 


Screened dust . 

49-17 

26-75 

14-82 

10-35 

9,854 

32. Warwickshire 


»» 

48-76 

30-29 

9-16 

11-61 

10,319 

33. Nottingham 



36-69 

21-64 

23-56 

*18-36 

7,892 

34. Lancashire . 


Dant 

49-41 

25-85 

22-23 

2-51 

10,698 

35. Glamorgan . 


Bank small 

64-65 

13-86 

20-12 

1-38 

11,727 

36. 


rt • 

71-57 

14-13 

12-58 

1-71 

12,762 

37. 


Steam duff 

65-96 

10-82 

20-91 

2-32 

11,018 

38. 


Unwashed duff . 

65-62 

11-49 

21-16 

1-85 

11,371 

39. Ayrshire 


Dry gum 

45-82 

28-86 

18-13 

7-19 

10,617 

40. Fifeshire 


55-01 

30-71 

9-36 


12,118 

4.1. Derbyshire 


Coke dust 

48-98 

4-22 

15-29 

1149 

10,176 

42. North Staffordshire 


Coke breeze 

61-66 

9-43 

15-66 

10-31 

10-118 

43. ' it 


Tip breeze 

66-72 

10-08 

12-78 

10-53 

10,6.-54 

44. „ . „ 


Fine tip breeze . 

49-97 

8-84 

*36-02 

5-26 

8,149 

Glamorgan 

Yorkshire 


Coke breeze 

63-27 

5-78 

16-12 

14-81 

9,528F 


„ breeze 

65-75 

7-86 

15-64 

10-82 

10,257 

iLjS^byshire , . 


„ dust 

63-89 

14-63 

13-54 

7-96 

11,33ft 

«i. West YorkslAr® 

49. North StaffordsJure 


„ ballast 

76-91 

2-98 

18-61 

1-42 

11,193 


„ breeze 

66-46 

4-56 

*27-88 

1-16 

10,352 

30. „ „ 


Fine breeze 

61-03 

10-01 

*26-07 

2-92 

9,715 


* Fuels marked • conte&iing upwards of 25 per cent, of ash or 15 per cent, of ijioisture have 
generally been regarded as of {fvoubtful commercial value, although the moisture content of washcry 
waste could be considerably reduced by air drying. 
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It is interesting to compare Continental colliei^ practice with British practice 
in the utilisation of low grade and waste fuels for the generation of steam. 

« The author is indebted to Mr A. J. ter Linden and Rijks Instituut Voor 
BrandstofEen Econoraie, S’Gravenhage, Holland, for permission to publish the 
following very complete evaporative tests with very low grade and waste fuels 
at the Central National Mine, “ Emma,” Holland. (Table No. 6.) 

These figures, it will be observed, are all concerned with water tube boilers, 
and it is possible to clo.sely compare the results obtained both under hand fired 
conditions and with mechanical stokers of two distinct types. 

Generally speaking the fuels u.scd were so unsatisfactory from the point 
of view of high moisture content, as also in the high proportion of ash and 
very low calorific value, as to be fairly regarded as quite unsuitable for steam 
generation. 

If the analyses and calorific values of the fuels used in this series of tests are 
comjrared with the poorest of the fuels as per the analy.scs set forth in Table No. 3, 
it will be evident that the British interpretation of the term “ waste fuels ” differs 
very considerably from the Dutdi interpretation. 

In the judgment of the Author the series of evaporative tests made by Mr 
A. J. ter Linden are among the most exhaustive and valuable tests which have 
ever been made with waste fuels. 

The evaporative te.sts of which details are given in Tables Nos. .5 and G have 
been included wnth a view to showing the grades of fuel which have been and are 
bemg otihsed, as also the evaporative performance of boilers of both the internally 
and externally fired types, both by machine and hand, with the thermal efficiency 
obtained. 

In British practice in the utilisation of the low'cr grade fuels for steam genera¬ 
tion at collieries it was shown many ycara since that one of the principal difficulties 
presented was in the very limited grate area wliich could be provided with internally 
fired boilers, such as those of the Lancashire t)q)e, which were then, and stjll are, 
very extensively used at collieries, mainly because of their simplicity and by 
reason of the considerable advantage offered in the large steam and water reserve 
lor meeting the fluctuating demand for steam. 

At some few collieries, with a view to the utilisation of certain waste fuels, 
unsuitable ahke for use with machine or hand fired furnaces, Lancashire boiler's 
were provided with large external brickwork furnaces, designed and arranged on 
similar lines to refuse destnretors. The primary object of these furnaces was to 
provide externally to the boiler a much larger grate area than could be provided 
internally, at the same time pro'viding more srritable conditions for the handling 
and efficient burning of small fuels containing a high percentage of incombustible. 

While with a Lancashire boiler 30 ft. long by 8 ft. diameter the usual or 
standard grate area was about 38 sq. ft., it was possible' with external furnaces 
to increase the grate area to 50, 75 or even 100 sq. ft. if so desired, while also 
providing 2, 3 or 4 larger fire-doors which greatly facihtated both the firing 
and the clinkering. 



20 


to 

d 


W 

hJ 

PQ 

■< 

H 


UTILISATION OF LOW GRADE AND WASTE FUELS 





CD 

cc 

ii£ 

00 

«c ><0 OC 

i5 o 

X op CC X X 

Oi lo O Q • 'Tr 

8,080 

7,260 

41 



% -■ 

o 


f-« '•t 





CC 





___ 










i 


(£ 

St 

.s 

K 


30/3/21 

00 

^ >ft r- X 

X ^ Oi ^ 

4-7 

38-8 

37- 

58-3 

4,509 

55,440 

6,930 

39-15 



2 ^ 

s*^ 

00 

rN 

X 

'Tf O 

^ ^ c 

CC r- X . 

tr ^ « S 

^ 2 Tt- CO 

o X 

t-«. to c? 
cs 



p-i 


c<r. 


co' 

Tt- ^ 

XX (M 

<N 

c 


S 

• S £ §D ■>: 
i 2:S.t 

as.-ti ^ 

o 

•M 

Cl 

X 

^ ^ IP; 

« » 56 ; 

«'?” Tt S 

CO 1-- <s o 

ct c? ® ^ 

19,470 

2,433 

20-5 









1 










c 

g 


Hand 

fired 

•;c 

26/3,'21 

X 

0,456 

117-0 

1,937 

4,648 

C et L-t 1* ^ 

«,■- s 

- ■!; 

O t- X 

1^0 X 

>-♦ X 

X 

j 










.S5 

s 

I’luto 

stoker 


2“ 

X 

''t :r 

w — X ; 

* ‘7 =? « Irt 

O (M 1- CC 

(M —' <C 

20,020 

2,508 

18 




















Si 

c 

i i 

— 

In 

£L 

* 

<;C r- X 

-t* li;«: cf 

Tl" ^ ^ S 

X — M o <>» 

-t X X 

X •t' 

wf CO t 

c: x" 1 


et 

S'« 




e- — --li 


X 1 









i 


-o 


■ ~ 






2 

c< 

'2 

bt 

Pluto 

stoker 

- 

8,'4/21 

X 

Th O 

CC —8 X • 

24 

2!t 

22 

54 

3,565 

41,.580 
5,192 

37 

o 






1 









Cl -t* I'' i 





fTl 

'M" 


c© t- 
1© J CO • 

“• • 

O Ct C^ 'Cl i2 
'Cl C^ 5© — '-' 

a to ; 

cf X ‘ 


C 

w« 


fN 


<C r-l — 

I-. -- ^ 

X —4 1 









._ _• 


s. 







i 

1 


B ^ 


1/21 

X 

2S£5 

X X c-l X S' 

irt • • • 

»t w '■^ 

ox X 1 

>!t! to 

X <M 



V. 


<M 

-Tl 



^ ^ ci 






. 


I .' 


jj ; 







»*-. J 


P 








- c,S^ ” 

s 








C't: Cm . •« 



« 

Fuel. 

S 

*c 

Number of Test 

Date of Test 

Duration of Test Houi's . 

Particuiours of Boilers- 
Boilcr heating surface, 
Boiler, grate area 
Superheater heating snri 
Eeononiiser „ , 

FigsL Asalyses— 
jloi-sture content, per ce 
Ash, per cent., dry samj 
Ash, per cent., wet sani 
Percentage combustible 
sample) . 

Calorific value, B.T.U. 
, lb. (wet sample) 

Fuel OoNscstPTiox— 
Total fuel burnt, lbs. 
Blunt jier hour „ 
Burnt per Sig. ft. of grat 
per hour, llw. . 







COLLIERY WASTE I'OR STEAM GENERATION 21 


39,380 

4,928 

•76 

.27-6 

167 

314 

M* O'! 

§ '8 

1,301 : 

•51 
•04 

•60 " 

77 

412 

360 

j 

• - 

•• 


■ X ■ 



217,800 

27,214 

4-22 

153-7 

Si CO 

X O 
-H CO 

r' Ol 
— C> 

01 !-• 

1^ o 

1-^ CO • --H 

CO CO 0 o 

o 

X -I* © 0*1 

CC 01 Ol Ol 

CO X 

01 

X CO n 

O QO 

1 -5 9 

o 

. S 

S 

--I o 

CO 

C -- 'f o 

CO C Ol 

0101 n 

X X n 

of 

1 

-t -- © 

s. ^ 

•• 



X 

01 


118,580 

44,220 

14,824 

4-47 

78-7 

’.£> 

01 

Ol 

! 


X o 

X >0 • >0 

CO I- 0 CO 

o 

X 1-0 © 

^ *^i' X ! 

01 

CO 

X 

S. 01 X 

Si n 

5 .i « ^ 

-rf • ^ 

'M 

01 fo 

X o 
-i X 

Ol CO 

•0 

CO Ci CO >0 

CO CO C '0 

© 04 Si '0 

X -t a CO 

».o ' 

of 

>0 X >0 
© n 

■ 0 

^ • Cl T 
. . •/) 

i ^ " 

. I-* 

CO CO 

X 

O'. O CO 35 

01 coo — 

>0 01 n 

X lO X 

>0 >0 

01 

01 -H 

01 ’ ! 

5 .i * p 

LC ^ 

-H C-l 

'M 

CO '■H 
» Si 
-- 01 

— X ' 
01 CO 

S i; . o 

CO V . *0 

>0 X X ^ 

>0 *t 

of 

'-“■r 

© ’ X 



•s 01 
1- o 

n o 

CO 

I-' -t h* ‘0 

on-o CO 

© Ol Ol 

>0 'f 

S • - ® ^ 

rT * o ^ 

'M 

; t'» 

*'*' \ 
of 


-*0 *'• 

CC « ^ ‘^5 

55 . QO W 

M ’ t'"*' ^ 

CO Ol 

uo »0 

X 

CO 

X 1.0 
-H 04 
Ol 1- 

X 

X X CO Si 
CO no CO 

f-H C 

1 - 55 © n 

1- -H X W 

Ol X 

of 

t- -H Ol 

a-" 

O >0 'll! 

CO CO (M O 

. r- 

to ^ 

X o ^ '0 

Ol CO '-H 

t- Ol © 

>0 © © 

»-N lO 

of 

04 COX 

« • -t ”** 


L o 






_ 

- - • 

Steam Outpu^J—' 

Total amount water evapor¬ 
ated . • • ^ lt)S. 

Steam produced by gas jets „ 
Steam produced per hour „ 
l^team produced per sq. ft. of 
heating surface per hour, lbs. 
Steam produced per sq. ft. of 
grate area i)er hour, lbs. 

6 

o 

o 

o . . 
60 
.3 

u 

4» . . 
H ptl 

w .1 ° ^ 

gi^s 

.3 

c? 

•« . 

if 

fs 

i a 
Is 

1 §§ 

w:cx! 

H 

'Jl 

t •/!.•• -'/I • 

s *. 3 

3 Ui . ■« 

5 H .5 . 

Q M 

*' « 1 • 
H iJ 2 “ -S 

M 1 w .3 ^ 
g 1 .« -U " 

mip' 

§ ^ aSfS 

Csh 

Hs M ■ 

iv'JS § 

&I- • “ ■ 

Q ^ (0 ?J 

S 35 § % 

H <5 «c . 

“ “'Em 
'S^'S 0°, 

S?< ^ 4^ 4^ ^ '*^3 

2 2 g 2 h a 0 

is,s,s.||.§ 

|hhb h 

1 

r. . . . 

r. 

^ . . . 

U 

3 

^ u 

cfj 4- 

w a. 

yj ^ 

»**«•». 
JOO « 

-I* 




TABLE No. 6 —continued 


22 UTILISATION 6F LOW GRADE AND WASTE FUELS 


! 

i 

CO 


X 

X 

CO 

f 2 §® .«> 

§ ,||_ II 


'V 

a 


a 


X 

I-- * V’of 

X X CO j 









1 : 

2 

'§ 

Ifl 1 

CO 

«a. 

«?- 

S 

X 

M 

cs 

CO 

^ ^ ift c 3 

CO * 

(N ' 

18,700 

880 

19,580 

20,515 

-935 

- 1 

j 

1 



i 


1 

Pluto 

toker 

i 

CO 

3/6/21 

X 


2,870 

4,400 
1,210 
75 
60 04 
73 

9,636 

2,651 

880 

13,167 

12,540 

x627 


1 


■H 



f-H j 



Chain 
grate 
with gas 
jets 

s 


X 

3-82 

8,723 

1,716 

69 

”67 

6,017 

1,160 

7,117 

7,062 

x55 


2 

CD 



a 

O 

1 i'r .s 

X X oi X 2 

Oi 1 ^ t» oi 3 

ftJ .XX X ^ 

.-ii 

§ a 

CO 

X 

i 

-7 «w • 

i 0 • fN of Ci^, 

'i 

K* 


CO 

«N 




•— 

Pluto 
stoker . 

CO 

i ^ 

16/6/21 

X 

Ift 

X 0 X 

t- ^ » .1 

<M X ift ^ 

CO oi 

2,750 

675 

440 

3,865 

3,520 

x345 

C 

Jand 

fired 

o ; 

«S, 

X 

CO 

23,100 

1,980 

73 

79-6 

16,830 

L584 

18,414 

15,972 
/ 2,442 

s: 






1 -‘- 

1 

C 

sj 

^1 



X 

CO 

504 

880 

760 

72-4 

58-4 

75 

,875 

>1.5 

,320 

,710 

,152 

442 

c 

ap 

5C 


00 



CS ^ 

1 X ^ X Ci 1 



1 







1 2-3 

i S ^ 


CN 

Ol 

2 0.5 

0 Ci ‘O 

»ft X X • t- 

0 X 

X Ol 0 0^ 01 

X 1ft Ol 1ft X 

X . ^ OJ 


i Wtn 


’*t' 

OI 



x" CO 

l(f 'f 0 ' 0 1 

c: 

CiO 

1 

— 




1 1ft 



• s s 

i J-g 

CO 

5 

X 

CO 

300 

650 

704 

80-8 

•6 

78 

•M ^ X XX 

X r- 2 X ^ X 

X 0 i2 <N 0 01 


1 





CO ^ 

of ^ ^ -^jT X 





. 

^ • 
o 

2 


1 ^ "1 s ■ 

«S' 4^ 

Fuel. 

« 

. c 

c3 

QQ 

2 

E 

9 

c 

w 

» 

|e 

9 

s i 

•5 0 

1 g-H 

o-S® 

il ■ 

2 I -Jl 

ct *C « ft 9 S 

, •S-S'^'S § 8 s 

X .9 0 *“ * 

1^3 - sa 

* 0 • 

•S.S.S.2 «.a 

1 .3-: j: 0 0 £ 

1 ^ {£ K 4>» JT* 

W « S ei X X ft 

0(«.4«4M«4H dJ 


. 1=^ 

: O 

o 

u 

£ 

<4-1 

O 

J 

*-*a 

5 « si 
^ s 

£ I 

«■§)•«) f ^ ^ ^ 

3iiS2 ^ s I 

•c 

1 

1 

s 

S 

es 

ft 

1 

0 

0 


CO «D 


O <N 
^ CO 


lo ! lO 


^ CO 
^ <s> 


CO ^ ^ 


^ ^ 


«o . 

• CO 


1ft o? 

^ I—I 






COLLIERY WASTE EOR STEAM GENERATION 




- 


■ 'i 


-1- 

P 


CO 

10 

00 «& 


3 

87-3 

12-7 

CO 




P 

p 

10 


«j5 


CO 

g 

cb i> 

cb 4 4 


i 

s 

cb 

X 

W 00 

00 

««>»> 

© 


CO 

O’l' 

pH (N CO 

PH P 04 

Cl 

s 

r- 

0 

© 

Oi 


^00 

10 

ob 

10 

p 

10 


cb 


4 


4 

... _ 






--■ - 





^ 00 




oi 

CO 

CO-H 

4 03 
2-62 
4-03 

CO 

p 

01 

10 

CO 

10 

CO 

CIO 


10 •H 

0 CO 

CO 

s 


01 

cb 

cb 


N 00 


e,®-? 

<0 

CO 

LO t- 

2-98 

1-07 

1-59 

X 

Ol 

X 

01 

CO 

CO 

CO 

^ (0 


0 © 

10 

oe 

§ 

pH 

1 

Ol 

I”* 

ob 


<N 

■f 


*? 

to 

p 

10 'T' 

P »0 h- 
P 01 

s 

20 

•0 

p 

p 

p 

CO 

CO 

<N 1- 
CO CO 

CO 

CO 


lb 



cb 

cb 

00 (M 

10 


'f 

op 

P !7> 

»0 pH I-- 
Hjt ^ 01 



04 

Hf 

r- 

X 

•ih 


P 05 
^ »0 

CO 

CO 

»0 


cb PH bi 


X 

ob 

1 

CO no 

00 

-<K w r- 

17 * 



i 

p CO 
pH GO 01 

01 

CO 

10 

CO 

c 

CO 

© 



— ob 
-«t no 

ob 

10 

65 


cb 


I'- 

4 

4 

C. 00 

CO 

*0 nt 

00 

0 

•f 

10 GO 

01 lO X 


CO 

CO 

Hj* 

01 

CO 


CO l> IN 
CO CO 

CO 

CO 

4 

1.0 

cb 



lb 

lb 

lb 

CO* 

0 

CO 

h- 

ip 

« 

o>o 

CO p 
p 0 oi 

01 

l-O 

Tp 

lO 

p 

10 

p 

* 

4* 

CO ob -M 
(M t- 

1- 

cb 

CO 


lb 4 

1 


1'- 

cb 

cc^ 

to 00 

CO 

CO 

Cl 

0 

»0 
10 P 

10 ^ 0 

P 04 CO 

CO 

01 

10 

I'P 

17* 

CO 

-t 




ob 

CO 

<N 

CO 

01 ^ 

pH pH pH 

pH 

lb 

lb 

lb 






55 Pf-gSg-S P -iS 
O HWO • 


I § «S 












•24 UTILISATION OF LOW GRADE AND WASTE FUELS 

A further innovatiou wliicii was most xiseful in maintaining a steady steam 
pressure was the dividing up of the ashpits into separate compartments, each 
with an independent forcfd draught supply, enabling one section of the grate to*' 
be clinkered while the other sections of tbc grate were in full use. *■' 

Although with the noi'mal grate area of about 38 sq. ft. with a Lancashire 
boiler it was frequently found impossible to obtain the rated evaporative output 
from the boiler, by increasing the grate area as already described, and providing 
forced draught, an evaporation of from 20 per cent, to 30 irer cent, in excess of 
the rated evaporation could be obtained. 

While shoxving a very marked adx'ance in the burning of low grade fuels for 
steam generation, the external furnace and large grate area xvas not completely 
successful, for the following reasons :— 

(1) The hand firing of such a large grate, surrounded by incandescent fire¬ 
brick walls and arches, was very trying; the much cooler and easier conditions 
previously obtaining xvhen using a higher grade fuel were much preferred by the 
firemen. 

(2) The clinkering and cleaning of the fires in spite of the advantage of divided 
ashpits xvas extremely arduous work, and as such it was resented. 

(3) It was found that the very liigh furnace temperatures obtained, xvith the 
very rapid and localised cooling when the fires were cleaned, involved serious 
deterioration, due to expansion and contraction. Further, the incandescent fire¬ 
brick walls were constantly damaged and weakened. Trouble was also experi¬ 
enced with the arches, and even if these were supported independently of the side 
walls it was found that the cost of renewal and repair was very heavy. 

Had the external furnace fulfilled all expectations, the very limited space 
available at the front or at the side of the average Lancashire boiler would have 
prevented its use, excepting in isolated cases. 

The external furnace xvas, however, completely successful in demonstrating 
that m^ny low grade and very dirty fuels could be efficiently utilised for the 
generation of steam when ample grate area and suitable combustion conditions 
were provided. 

Further, it xvas shown that such fuels could be utilised xvithout any sacrifice 
in the evaporative output of the boiler. 

The experience gained in the use of the external furnace clearly showed that 
it was de.sirable so far as possible to eliminate the human element and to adopt 
machine firing. 

With internally fired boilers this was not completely successful because of the 
limited grate area and restricted combustion space : with water tube boilers it 
was found to be practicable to meet all reasonable requirements. 

The only type of boiler which can be equipped with mechanical stokers suitlible 
for efficiently burning loxv grade fuels is the xvater tube boiler. With no other 
type of boiler is it possible to provide the grate area required, eqmvalent combustion 
conditions, and at the same time facilities for the easy .and automatic removal of 
incombustible. 
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These three factors are of vital importance., Vjnless the grate area is ample 
the required evaporative output cannot be obtained. Unless the combustion, con- 
editions are satisfactory the fuel efficiency obtained is low, which involves a constant 
loss.* Unless facilities can be provided dor the rapid ,jnd easy removal of iucom 
bustible, with but the minimum of labour cost, it is soon found that the use of so- 
called cheap low grade, fuels is in practice a very expensive method of generating 
steam. 

It is useless to ignore the fact that the three requirements mentioned above arc 
not fully met in the Lancashire boiler, whether hand fired or machine fired. The 
grate area is limited, the combustion space is restricted, and the lemoval of the 
incombustible-which must in any case be brought to the front -involves the 
use of manual labour, the extent and cost of which depends entiiely upon the 
percentage of incombustible, and the means employed for its removal from the 
front of the boiler. 

Wliile the laincashire boiler is specifically referred to, it may be said that the 
objerdions named apply equally to all internally fired boilers. Actually boilers 
of the fire tube ty|X', such as dry-back boilers, arc le.ss satisfactory than thosi! of 
the Lanca.shirc type, becau.se, apart from the objections already discussed, the 
utilisation of low grade and dirty fuel involves the rapid choking of the tubes, 
necessitating constant cleaning, or, alternatively, back draught and conseijuent 
inefficiency is certain. 

It may be unfortunate, but the fact remains that for the most efficient utilisation 
of low grade fuel one ty]>c of boiler is superior to all other tjqres. The author is 
well aware that this is a contentious matter, but would .submit that on the broad 
facts, and by experience, it is clearly and conclusively shown, that internally fired 
boilers are incapable of giving rc.sults in any way e(juivalent to, or comparable 
with, those results obtainable with externally fired or water tube boilers. 

Wliile, as ob,served in the preface, the use of coal in pulveri.sed form does not 
come within the scope of this work, there can be no doubt that this system of firing 
will be extensively employed at collieries within the next few years, both with 
internally and externally fired boilers, enabling fuels to be efficiently utilised which 
are now to a .serious extent regarded as unuseable. 



CHAPTER III 


LIGNITE AND BROWN COAL 

Although it is sometimes assumed that lignite and brown coal are almost identical, 
it is frequently found that there are very marked and distinct differences in these fuels, 
not only in their appearance, but in their physical characteristics and composition. 

In lignite almost invariably the form and structure of wood is very evident, 
often with but little change in appearance from the original. Other lignites are of 
a more fibrous character with much variety, some being very dense, while t)thers 
are of a loose and earthy nature. 

Brown coal usually is a dense fuel resembling a hard peat, and is as a general rule 
free from the woody structure, which is such a marked feature of many lignites. Close 
examination of brown coal does, however, sometimes show traces of a similar structure. 

While differing in their appearance, physical characteristics and composition, 
all lignites and brown coal possess certain characteristics in common. The moisture 
content although varying, is high, while upon exposure to the atmosphere disin¬ 
tegration is frequently rapid with consequent deterioration. The ash content 
varies considerably, as also its composition. 

As observed in a preceding chapter, the efficient utili.sation of these fuels is of 
much importance because of their proportion to the total available coal reserves, 
not only within the British Empire, but in other countries. 

According to statistics issued by the United States Geological Survey in April 
1921, tjje production of lignite during 1920 was as follows :— 


Metric Tons. 

Austria. ....... 2,387,990 

Czecho Slovak Republic ..... 19,695,600 

France ........ 1,000,000 

Germany ....... 11,634,000 

Italy. 1,662,430 

Netherlands . . . . . . 1,395,851 

Spain ........ 552,806 


Great Britain .—In Great Britain the only known lignite deposit of any inP- 
portance is at Ilsington, Bovey Tracey, Devonshire, on the south-eastern fringe of 
Dartmoor. In 1853 the output was about 18,000 tons, and until coal was avaifable 
locally at a low price, the lignite was used, not only for domestic purposes, but also 
at a neighbouring pottery. 

During recent years schemes have been under consideration for th« development 
and local use of this deposit, but up to the present nothing ^j)pear8 to have been 
26 
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done. Four samples of Bovey Tracey lignite analysed a few years since gave the 
following results:— 


No. of 
Sample. 

FixtNl 

Carbon. 

Volat.ilo 
matter. ‘ 

A»li. 

V 

M'oistnro. 

t 

CaloriHc 

value 

(1) 

38-.54 

48-57 

-79 

12-10 

11,040 


25-08 

20-60 

17-27 

27-45 

5,276 

(3) 

29-6.5 

35-88 

3-02 

31-45 

6,948 

(1) 

26-11 

26-.53 

8-36 

.39-00 

5,695 


It will be observed that the results shown in the approximate analysis of sample 
No. 1 are altogether different from the test results obtained with the. other three 
samples. In explanation of this it may be said that the latter probalily represents 
approximately the composition of the bulk of the deposit, while of the former, which 
is known locally as “ Rcctinite,” comparatively small quantities are found. 

The “ Rectinite ” appears to contain a large percentage of aromatic resinous 
material, and may be readily ignited with a match. The true lignite contains an 
unusually high percentage of sulphur. 

Genmnif .—The development of the lignite resources of Germany has within 
recent years become of much greater importance to the nation by reason of the 
reduced output of coat due to decreased efficiency of the miners, and to the loss of 
important coal-fields in Upper Silesia and the Saar Valley. 

In the interests of brown coal development a chair of Brown Coat Technology 
has been created at Freiburg Mining School, while at the Technical University of 
Charlottenburg a Brown Coal Technological and Research Department has been 
established by the brown coal industry. 

In 1872 the production of lignite in Germany was only 9 million tons; thirty 
years later it had increased to over 40 million tons per annum. During the next 
decade the output reached 70 million tons per annum. 

The following Table, No. 7,^ shows the comparative annual prodtiction of lignite, 
lignite briquettes, coal, and coke for the years 19115 to 1921 inclusive ; — 

TABLE No. 7 


Production in Germany of Lignite and Lignite Briquettes as compared with Coal and Coke 


i Year. 

Bituminous 

Coal. 

Lignite. 

Coke 

BritjuettpR. 



'I’nns. 

0/ 

Tons. 

0 ' 

Tons. «„ 

Tons. 

tu 

1913 

173,096,000 

100- 

87,233,000 

100- 

30,400,000 100- 

21,416,(H)0 

100- 

1914 

148,.504,000 

85-8 

83,694,000 

9.5-9 

27,137,()IM) 89-3 

21,098,000 

98-5 

' 191.5 

136,.502,000 

78-9 

87,948,000 

100-8 

26,209.000 86-2 

22,750,000 

106-2 

1916 

147,916,000 

85-6 

94,332,000 

108-1 

33,139,000 109-0 

23,484,000 

2^048,000 

109-6 

1*17 

1.54,846,000 

89-6 

95,.54,3,000 

109-6 

32,4:M,000 ; 106-7 

102-9 

' 1918 

148,187,000 

86-6 

100,676,000 

116-4 

32,309,000 : 106-3 

23,111,000 

107-9 

. 1919 

107,691,000 

62-2 

93,843,000 

107-6 

21,206,000 i ,59-8 

19,716,000 

92-1 

1920 

131,347,000 

75-9 

111,634,000 

128-0 

2.5,177,tK)0 1 82-8 

24,282,000 

113-4 

1921 

136,2j0,000 

78-7 

123,011,000 

140-9 

27,921.000 ' 91-6 

; 

28,243,000 

131-9 


‘ ” Reich KoHcn Verbanil,” 2iul Annua! Report, year cndeil Manh 30th, 1022. 
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( 

It will be observed that durin;^ the past ten years the production of bituminous 
coal has decreased to the extent of 36,886,000 tons per annum, .while during the 
same period the production of lignite has increased to the extent of 35,778,000 tons 
per annum. \ 

The character of the lignite and brown coal deposits in (Germany varies 
considerably. Faults, folds, thrust faults, ruptures, and interstratificd layers of 
sand and shale often make the mining of the deposit very difficult. 

The thickness of the bed varies from a few inches to 300 feet. The method of 
mining adopted, whether by strip pit, i.e. open cut, or by underground mining, 
depends upon the depth and extent of the overburden, which usually consists of 
.sand and clay. 

When underground mining is adopted the coal is iisually reached by means 
of a .shaft rather than by a drift, an entry being driven throiigh the de¬ 
posit to the further ])roperty line, with side entries on either side at regidar 

intervals, with cross roadways between. 



Fin. 1 .—Mixing Brown (,'oai. by Hand (Germany). 


Thus the coal is divided up into pillars 
measuring -1 metres (13 feet) .square ; 
the coal obtained from these jiillars is 
transported through the side entries to 
the main entry, and thence up through 
the shaft. 

The roof of the area thus exca¬ 
vated is allowed to collapse. I’roduc- 
tion is started at the far end of the field 
and (iroceeds backwards towards the 
shaft. 

Much lignite has to be left in, and 
it has been reported that in mines 
operated under this system the loss of 
fuel usually exceeils lb per cent., 
whereas under the open cut system of 
mining the loss is usually about .5 per 
cent., and rarely reaches 10 ]>er cent. 
The loss of fuel in underground 


mining apjiears to be so heavy that, even if the thickness of the overburden is 
three times that of the underlying coal deposit, it is nevertheless more profitable 
to remove this heavy jiroportion of waste material by ojien cut operation rather 

than working by underground methods. . , ■ ■ • ii 

By the adoption of mechanical excavators or dredges, the overburden is rajJidly 
.stripped and removed. These machines, which are set on rails, slowly traverse the 
face, removing the material and loading into self-tipping wapms in one operation. 
For the mechanical winning of the coal, with a view to reducing the cost of mining, 
various machines have been tried. One very successffil type of trifversmg cutter 
and excavator is constructed to operate on any height of coq^ face up to 100 feet. 
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consisting of a body travelling on rails supporting a framework carrying two link 
belts with cutters, the loading buckets being suspended underneath. X^ese 
machines, which are electrically operated and controlled^ cut and load, with a crew 
of two oidy —one mechanic; and an a.ssistant. 

When the fuel is mined by hand, as illustrated in f’ig. 1, it is directed into cars 
by means of chutes laid close up to the coal face, or holes are dug into the coal face 
as shown in Fig. 2. 

This method is known as rolMhbetrieb. The narrow end of the “ rolloch ” is 
closed by means of timber, and is arranged at such a height above the level of the 
top of the cars to be loaded that these can be run underneath and filled l)y gravity, 
the loose coal in the funnel being released as desired. Usually the sides of the 
■■ rolloch ” arc arranged 
so steep that the 
loosened lignite will run 
down without any 
handling. 

The ears are gener¬ 
ally conveyed from the 
mine to the briquetting 
pliint by endless chain 
liaulage. When the 
raw lignite reaches this 
j)lant it is subjected to 
three entirely distinct 
ojierations, viz., pre¬ 
paration, drying, and 
briquetting. 

The fuel is first 

dischargi'd from the car by means of a rotary tippler and delivered into a, funnel- 
slnqied bunker, from which it goes forward to the crushers. From the crushers 
the broken fuel is delivered on to an inclined shaking screen, which has a length 
of from 13 to 20 feed and a width of about 4 feet. 

Krom this screen |)icces le.ss than J-inch. cube riddle through, tin; larger j)ieces 
passing forward to the rollers or to a centrifugal mill. The finer coal is again 
screened, the lumps from the screen passing to a belt conveyor, by means of which 
it is transported to the boiler-house. The wet fuel intended for briipietting is dried 
either in tubular nr shelf dryers; with both types of dryer exhaust steam is used 
for drying; this ])roee.ss is usually continued until the water content is reduced to 
1.3 per cent. 

•With dryers of the t\d)ular type the jiressure of steam tised is generally from 
2 to 3 atmospheres ab.solute. For dryers of the shelf or ])late ty|)e the steam 
pre.ssure ranges from l-f) to 2 atmosj)heres. 

The tubijar dryer may be described as a cylindrical sheet-iron shell 8 ft. 2J ins. 
to 9 ft. It) ins. long, with two heavy plate ends carrying tubes of 3.j ins. diameter 
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through which the coal passes/. These tubes are surrounded by exhaust steam. 
The centre line of the dryer is arranged at an angle of 6 degrees froni the horizontal. 

The shelf or plate d'yer {tellertrockner) con-sists of from 26 to 36 circular* 
shelves, each having a diai^ieter of 16 ft.'4J ins. arranged veritically above‘each 
other at regular intervals. The shelves are made up of two circular iron sheets 
riveted to a frame, the space between the sheets providing a chamber for the 
exhaust steam. 

By means of rotsiry shovels the lignite is constantly turned over and pushed 
alternately towards openings at the centre and outer circumference which connect 
the separate shelves. 

From the dryer the dry coal is delivered on to a trommel or revolvi^jg screen 
and is there separated into fine coal and coal dust, passing thence into a Jahusie- 



Fio. 3 .—Steam Briquetting 1’re.ss Kngink, for (Jerman Brows (.'oau 

huehler or air cooler of the lattice type, in which the temperature of the fuel is 
.suitably reduced for the process of briijuetting. 

Leaving the cooler the dried and cool lignite is taken by means of a conveyor 
to the bunkers, which are arranged immediately above the briquetting presses. 

Steam-driven presses of the plunger type are now almost exclusively used for the 
briquetting of lignite and brown coal. The use of steam-driven plant is favoured 
mainly because exhaust steam is required for the operation of the dryers. With 
the presses usually employed the stroke varies from 6J ins. to almost 11 ins., 
depending upon the condition of the fuel and the desired density of the briquette. 
A rod transfers the crank movement to a heavy slide, to the other end of which a 
plunger is attached. The principal part of the press is the head, in which is placed 
the mould, consisting of a channel 3 ft. 3 ins. long, open at both ends. The sides 
of the mould are of interchangeable .steel plates so set that the free opening is of the 
desired dimensions for the size of briquette which is being made. The plates are so 
formed that the opening on the press side is a few millimetres wider than the rest * 
of the channel. 

The dilference in width depends upon the nature of the fuel used and the deifired 
firmness or density of the briquette. The opening can be regulated while the press 
is in operation. The plunger, fitting closely in the widest end of the channel, pushes 
a quantity of dry coal into the mould and fonns a briquette with avery forward 
movement. 
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On'the return stroke the space left 
by the plunger is again filled with another 
Ineasured quantity of fuel, which is 
compressed at the next stroke. .Each* 
briquette is pushed forward in the mould 
by the succeeding charge. On passing 
the narrowest part the briquette is again 
subjected to pressure, causing friction 
and consequently back pres.sure on the 
plunger. 

Leaving the passage way or channel 
the briquettes pass into a trough, through 
which they are pushed in a continuous 
string by the action of the plunger. 
This trough may be adjusted either hori¬ 
zontally or vertically, and the briquettes 
may be discharged therefrom direct into 
railway wagons. 

Not only the length of the stroke, 
but also the speed of the press, depend 
greatly upon the condition of the coal. 
The speed is usually from 80 to 12.5 
r.p.m. The pressure required for the 
formation of the briquette is from 1200 
to 2000 atmospheres (17,(540 to 29,000 
lbs.) per square inch. The press must 
be so built that the fly wheels are 
capable of exerting such pressures. 

Fig. No. 15 illustrates a Steam 
Briquette Press. The press and engine 
are arranged upon a common bedplate, 
and a single cranlcshaft serves for both 
parts of the unit. 

In Fig. No. 4 is shown a complete 
plant for crushing, sizing, rc-cr)ishing, 
re-sizing, drying, cooling, and briquetting 
brown coal. 

The dry coal is held together with¬ 
out any added binder, partly as the 
resulff of the high pressure exerted upon 
it, and partly through the heat gener¬ 
ated in the process, which softens the 
coal and the substances contained, such 

as paraffins and resins. 

<> 
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The calorific value of lignjte briquettes is about 8500 B.T.U.’s per pound, 
and. they are now irsed for a variety of purposes. As Avill be observed from Tables 
Nos. 7 and 8 the annual production now exceeds 28 million tons. * « 

It is generally agree^that 9 tons of raw lignite (Hohhraunkol) are equal to 
2 tons of bituminous coal {Steinkol), and that 7 tons of lignite briquettes (Bmun- 
kohlmhrirkelts) arc equal to 4 tons of bituminous coal. 

Lignite is now being used in some very large generating stations in Germany 
for steam generation, and there is no doubt that, as a cheap and inexpensively 
mined fuel, it is destined to play a very important part in electrical development 
upon a very large scale, which will be 'of great advantage in providing cheap power 
for many indu.stries. 

While it must not be assumed that German engineers possess a monopoly in 
their experience of lignite, yet it must be admitted that in the development of the 
deposits of this fuel, and in the constant expansion of an important briejuetting 
industry, they have actjuired a very valuable experience in the treatment of this 
high moisture fuel. 

The ex])erience of German makers of bricpictting plant, as also the fact that 
they are able to manufacture lignite bri(|uettes without the use of any binding 
medium, was undoubtedly mainly rcspon.sible for the decision of the Electricity 
Commis.sioners of Victoria, Australia, to instal German bri<pic.tting plant in con¬ 
nection with the inqiortant Monvell project, which will lx* referred to later. 

The following Table, No 8,' shows the comparative consumption of bituminous 
coal, coke, brown coal, and brown coal briquettes iti Germany in 1921, as also the 
use to whi<'h the brown coal and brown coal bihpiettes was put : — 

TABLE No. 8 




Ritumiiious 

Coal. 

Coke. 

Rrown (.V>al. 

j^rown {’oal 
Bntjuettos. 



Tons. 

Tons. 

Tons. 

'Pons. 



64,704,000 

21,466,000 

39,376,000 

26,339,000 

Railways 


13,483,0(K) 

2,931,0(K) 

88,tH10 

202,otto 

Shipping 


2,628,0(K» 

.3,00(» 


20,000 

Water Works . 


467,000 

1.9,(.KM) 



Gas Works 


6,793,000 

70,000 



Electricity Works 


4,478,000 

ll,fX)0 

9,739,000 

1.076,000 

Domestic | 

Agriculture, etc. | 


7,192,000 

3,315,000 

1,555,(KX1 

11,481,000 

Industry 


. 29,-361,000 

11,978,000 

23,-314,000 

10,135,000 


Canada. -Although about oiu'-sixth of the coal resources of the world are 
possessed by the Dominion of Canada, the deposits are confined to the eastern 
and western portions of the Dominion, the central portion being supplied with 
imported coal. 

* ** Reich Kohlen Verbund,” 2nd Annual Report, year ended March JlOth, 1922. 
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Hence it is that with no fuel other than peat and timber available in 
the very extensive region between the Atlantic bituminous coal areas and the 
Itgnite deposits of Saskatchewan, the provinces of Quebe^., Ontario, and Manitoba 
have keen supplied mainly by means o, imported coa'' from the United States, 
supplemented by supplies from Eastern and Western Canada. 

Mr R. A. Ross in his Report ^ to the Honorary Advisory Coimcil for Scientific 
and Industrial Research on “The Briquetting of Lignite,” thus referred’to the 
position- 

“ As more than half of the coal used in Canada is imported from the United 
States, and as nearly all is used in this naturally coalless region, our dependence 
upon the United States constitutes at once an industrial menace and a national 
problem. 

“ Fortunately this problem is capable of solution. Superabundant unutilised 
water powers can provide ample energy for industrial requirements in Eastern 
and (lentral Canada. Further west the feasibility of meeting requirements in 
Saskatchewan and Manitoba by utilising ytrejjared lignites and sub-bituminous 
coals is the subject of this report.” 

The actual and probable reserves of lignite, and liguitic or sub-bituminous 
coals in AVestern Canada is as follows : 


Arliiol l{eserirs 



liKlSri'K. 

Lujxim’ OK 

Su B'BrruMixois. 


Millions 

Millions 


'I’ons. 

Tons. 

Saskatchewan 

Alberta 

. 2,412 

382,.‘)n() 

Rriti.sh Columbia 


(iO 


2,112 382,.o60 


Pr(>b(d)k Itesems 



Lkjniie. 

laoNiTic on 
Hun-BiTiiMisoi> 


Millions 

Millions 


Melric 

.Metric- 


'Pons. 

Tons. 

Alanitoba. 

160 


Saskatchewan . 

. .17,400 


Alberta . 

. 26,4.')0 

464,821 

British Columbia 


.1,136 


84,010 

469,917 


' “Report No. 1 to the Honorary Advisory (Jouncil for Soientific and Industrial Research.’’ 
Canada, 1018. By Mr R. A. Ross. 
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Fully reaUsing the great ^potential value of the very considerable de^sits of 
lignite, as also the necessity for such development as will enable the importation 
of coal to be much reduped, the Canadian Government have for" some years pa^o 
devoted close attention tdithe problems involved. „ 

Both the Canadian Government Department of Mines at Ottawa and the 
Commission of Conservation have done a great deal of very valuable work, which 
must be of immense advantage in furthering the development of the enormous 
fuel and power resources of the Dominion, and in overcoming the diflSculties 
which exist. 

When the author was in Canada in the autumn of 1920 he was privileged to 
see something of the work which had been and was being done, and the opinion 
then formed was that fuel conseiv^ation problems were being tackled with a thorough¬ 
ness which might with advantage be emulated in Great Britain, and also in other 
British dominions. 

With a view to the utilisation of lignite both for industrial and domestic 
purposes, and particidarly for the latter ^ much vahiable experimental work has 
been done. Not only has a complete investigation been made of all Canadian 
fuels, covering both proximate and ultimate analyses, but the work done has also 
comprised Producer Tests in the production of power or fuel gas, research and 
experimental work in the carbonisation and briquetting of lignites, and practical 
steam boiler trials with a considerable range of lignites. 

In the manufacture of carbonised lignite briquettes the raw lignite is heated 
in closed retorts somewhat similar to bye-product coke ovens. 

The volatile matter and moisture is driven off in the form of a gas, a portion of 
which may be used for heating the retort, and the remainder recovered. 

The carbonised material, unlike bituminous coke, is hard and dense, consisting 
chiefly of slack or breeze. When briquetted it produces a fuel similar in many 
respects to anthracite. 

Raw lignite, as used for firing steam boilers at the generating station of the 
city of Edmonton, Alberta, was rej)orted to have the followng composition : -- 


Fixed carbon . . . . 

Volatile matter . . . . 

Moisture . . . . . 

Ash ...... 

Calorific power (B.T.U.’s), as fired 


■29-00 per cent. 
28-0() 

2 r )-00 

18-00 

7800 


Analyses of a number of samples of Alberta and Saskatchewan and typical 
Canadian lignites are given in the following Tables, Nos. 9 and 10 :— ‘ 


^ In 1918 the Lignite Utilisation Board was established with a view to tlie comiiletc investigation 
of all apparatus and processes for carbonisation and briquetting. Furthei, to provide a ydant of 
commercial size adjacent to developed mines in Southern Saskatchew'an, the immediate objective 
being the production of domestic fuel. 
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TABLE No. 9 


Chemical Analyses of Alheria and Saskalckeran Lvjniles * 




Toficld. 

(Jamford. Rosedale. Canliff. 

1 Win 
City. 

Souris. 

Moisture . 


. 25-0 

17-0 

IG-b 

20-0 

18G 

29'7 

Fixed carbon . 


. 36-7 

43'8 

43-4 

40-4 

41-3 

49'6 

Volatile matter. 


29-8 

30-8 

33-6 

31-6 

33-3 

44-5 

Nitrogen . 


0-9 

1-6 

1-3 

1-2 

M 

1-3 

Sulphur . 


0-3 

0-G 

0-4 

0-2 


0-6 

Ash 


8-5 

8-4 

0-r. 

8-0 

7-3 

12-4 

Calorific power (B.T.U.’s). 

. 7,990 

9,040 

9,650 

8,787 

9,685 

10,170 2 


TABLE No. JO 


Proximate Analyses of Typical Vamdian LiyHilcs. 





Proximate 

Anai.yses, Dry. 

lAKiality. 

Moisture 

freshly 

mined 

Volatile 

mutter. 

Fixed 

Carbon. 

Ash. n.T.r.’.s. 

Taylorton 

. 28* *0 

42-9 

49-0 

8-1 

Estevan 

. 30-0 

40-0 

43-2 

16-8 

Bicnfait Mine . 

I'lstcvan Coal and Brick Co. | 

. 29-25 

. 25-67 

29-05 

28-91 

35-90 

38-59 

5- 90 76(15 

6- 80 8973 

Upper ])orton 3 ft. 6 ins. | 



Lower portion 3 ft. . 

. 26-20 

26-70 

35-95 

11-15 

Willow Bunch Lake 

. 20-15 

28-47 

34-18 

17-20 6388 

Bienfait Lower Seam 

. 22-40 

29-73 

37-97 

9-90 


Lignite, as mined, ha.s been satisJactorily nsed in vVesteni Canada for tlio- firing 
of steam boilers for some years past. In 1013-11 .steam l)oiler tests with Allieita 



t’lu. .5 .—Type of Fibp,bau used in Kv-apokative Tests with Ai.behta Liositi-.s at Ottawa. 


lignifes were conducted at the Fuel Testing Station of the Canadian Government, 
Department of Mines, by Mr B. F. Haanel, B.Sc., Chief of the Fuels and Fuel Testing 

' “Peat lignite and Coal,” by B. F. Haanel, B.Mc., Chief of Fuels and Fuel Testing Division, 
Canada, Dopartmdht of Mines, IBl i. 

* Dry coal. 
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Division, and Mr John BlizarA, B.Sc. The following details of these tests are of 
interest, particularly having in mind that the boiler used was not provided with any 
special equipment, nor was the grate or furnace in any way altered from that 
usually employed for the burning of coal. ' f 

The boiler used for the tests was of the Babcock & Wilcox Marine type, 
having 677 sq. ft. of heating surface. The working steam pressure was 120 lbs. 
per sq. in., the grate area 23’2 sq. ft., the ratio of heating surface to grate area 
being 29. The grate used was of coiTugated firebars having an air spacing of 
approximately i in.; the tyjie of firebar used is illustrated in Fig. 5. 


TABLE No. 11 

Sleam Boiler Tests with Alberta Lignites at the Fuel Testing Stalwn 
of the Defortment of M ines, Ottawa 


Fiii'l. 

.Ss 

1 

c 

K 

Cardiff. 

o 

fi 

s 

1 

i 

[ Canmore, 

I 

j Pembina. 

1 


Duration of tests ..... 

12 

12 

12 

12 

12 

hours. • 

Proximate analysis of (ml as Jiml - 

Moisture ....... 

15-3 

21-2 

15-9 

2-9 

17 0 

per rent. 

Fixed carbon ...... 

45 0 

391 

40-8 

71-7 

43-8 

„ 

Volatile matter ...... 

32 1 

321 

29-8 

131 

29-5 

>♦ 

Ash ........ 

7-6 

7-6 

13-5 

12-3 

9-7 


Gvloritic value of fuel as fired per lb. 

9600 

8570 

8530 

12920 

8980 

B.T.U. 

Hourly quantities — i 

Fuel as fired per hour .... 

470 

473 

465 

295 

4:i4 

lbs. ; 

Fuel as fired jKir sq. ft. of grate ja r hour 

20-2 

20-3 

20 0 

12-7 

18-6 

1 

Equivalent evaporation from and at 212 deg. 
Fahr. per hour ..... 

2554 

2404 

2427 

2377 

2456 

»» i 

Equiv'alent evaporation from and at 212 deg. 
Fahr. jX!r sq. ft. of heating surface 

3-77 

3-.55 

3-59 

3-51 

3-63 

>» 

Average temperatures, pressures, etc. — i i 

Steam jjressure per sq. inch 

108 

108 

107 

105 

109 

tf 1 

Feed water ...... 

38-5 

35-5 

35 

37 

37-5 

; Fahr. 

Moisture percentages in steam 

0-9 

0-8 

0-8 

0-8 

1 

percent. 

Pressure difference of draught above and 
below grate ...... 

0-21 

0-20 

0 21 

0-32 

0-21 

inches!. 

Pressure difference of tlraught Ix-tween gas exit 
and ashpit ...... 

0-57 

0-46 

0 63 

0-68 

0-63 

it 

Average temperatures, pressures, etc. — 

Gas tetnjx^rature at boiler exit 

730 

670 

690 

630 

645 

Jbahr. 

Flue Gas — 

Average carbon dioxide in dry flue gases by 
volume ....... 

8-5 

10-2 

9 0 

7-5 

7-7 

per cent. 

Average carbon monoxide in dry flue gases by 
volume ....... 

0-4 

0-7 

0-2 

0 05 

0-4 

»» 

Lbs. of dry flue gas j)er lb. of carbon . 

280 

22-9 

27 1 

32-8 : 

30-6 

lbs. : 

Heat loss due to escaping dry flue gas . 

25-5 

18-9 • 

32-7 

24 0 ^ 

24-7 

percent. , 

Heat loss due to moisture escaping with flue gas 

69 

8-2 

7-3 

3-6 

V 

7-4 

ft 
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TABLE No. ll—conlinued 


f- 

1 

• Fuels. 

6 

*3 


>, 

] - o 

s 

1 

c 



n 

0 

P5 

o 

■ '5 

H 

ei 

o 

S 


ffr/wse removed, from grate and ashpit— 

Total refuse removed, percentage of fuel as 
fired. 

7-8 

8-5 

9-2 

150 

9-6 

IX'i- rent. 

Combustible in refuse removed . 

14-8 

■149 

18-9 

27-7 

161 

(iombustible in refuse, percentage of com¬ 
bustible in fuel as fired .... 

1-5 

1-8 

2-5 

4-9 

21 

*» 

Economic Results — 

Kquivalent water evaporated from and at 212 
deg. Fahr. per lb. of fuel as fired 

543 

5-08 

5-22 

8-on 

5-67 

ll«. 

Equivalent water evaiioratcd from and at 212 
deg. Fahr. per lb. of dry fuel . 

(141 

045 

6-21 

8-29 

3-83 


Equivalent water evaporated from and at 212 
deg. Fahr. per lb. of combustible con¬ 
sumed . 

717 

7’28 

7-73 

1003 

7-94 


Fuei Ejficiencji- 

Heat utilised in steam raising, per cent, of total 
heat energy in fuel fired .... 

04-!) 

50-5 

594 

60 I 

61-2 

[icr cent. 

Heat utilised in steam raishig, per cent, of total 
heat energy in combustible consumed 

55'b 

58 0 

62-2 

63-9 

62-8 

C(tl(/rific valucji of fuel used in tests — 

Gross caloritic value, B.T.U. per lb. a.s fired 

9600 

8570 

8530 

12920 

8980 

B.T.U.’s. 

Net calorific value, B.T.U. ])er lb. as fired 

9070 

79(K( 

8020 

12.520 

8440 


lioiler and furnace efficiency based ui)on gross 
calorific value per cent. 

54'9 

.57-5 

594 

604 

61-2 

)er rent. 

” 1 

Boiler and furnace cflicicncy based upon net 
calorific value per cent. . 

!58l 

01 -7 

63-2 

02-3 

651 


The conclusions arrived at as the result of these trials with lignites were (1) that 
the moisture content ^ of the fuels up to 30 per cent, docs not materially affect the 
boiler efficiency; (2) that the carbon hydrogen ratio exercises the greater influence 
in this direction; (3) that the lower rate of consumption per sq. ft. of grate surface 
with the more suitable type of firebar in these trials improved the efficiency shown; 
(4) that fuels of this class require a specially large combustion chamber, and 
brick ignition arch so arranged as to burn the large percentage of volatile matter 
contained. 

Such experimental work as has already been done in (lanada in the carbonisation 
and briquetting of lignite has clearly shown that, given an efficient and economical 
systjm of carbonisation, there is every promise of producing a domestic fuel wliieh 
IS likely to be in every respect quite satisfactory. 

Fig. 6 is a “ Flow Sheet ” illustrating the proposed general lay-out of a carbonis¬ 
ing and briquetting plant as projected by the Lignite UtiUsation Board of Canada. 

' The drop in olilcioncy, when burning lignites having more than 30 per eent. of moisture content, 
suggests the importanc| of preliminary drying, or the use of pre-heated air for combustion, or both. 
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A combined carbonising and 
briquetting plant of sufficient 
capacity to test the whole pro¬ 
cess upon a commerciaf and 
practical scale has been erected 
at Bienfait, Saskatchewan., It 
is anticipated when this plant 
has been thoroughly tested and 
the commercial possibilities have 
been demonstrated, that the 
Canadian Government ftill then 
leave the future development of 
lignite to private enterprise. 

In a paper read by Mr Leslie 
E. Thomson, Secretary of the 
Lignite Utilisation Board of 
Canada, before the Montreal 
Branch of the Society of Chemi¬ 
cal Industr}', the position was 
thus summarised: - 

“ (1) It is possible to make 
a first quality com¬ 
mercial fuel briquette 
from carbonised lig¬ 
nite, using any one, 
of such binders as 
coal-tar pitch, petro¬ 
leum pitch, hard-wood 
tar pitch, sulphite 
liquor pitch, or com¬ 
binations of them. 

“ (2) The quantity of binder 
recpiired is much in 
excess of that neces¬ 
sary to make a corre- 
' spondingly good 
briquette from an¬ 
thracite fines. 

“ (3) A waterproof bri¬ 
quette of carbonised 
lignite cannot be 
made using .sulphite 
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pitch as a sinpile binder, unless the briquettes are heat-treated 
subsequently. 

“ (4) The choice of binder does not rest so much with the technical difficulties 
* involved in its use, but with the economic' supply of that particular 
binder. In other words, the Lignite Board has succeeded in making 
good briquettes with many binders. 

“ (5) The Board has decided to use as a binder coal-tar pitch for the preliminary 
period of operation, in the proportion of 13 parts by weight to every 
100 parts of carbonised lignite.” 

The proposed price of carbonised lignite briquettes at Winni))eg (the limit of 
Eastern distribution) was ,^17'5() per short ton (2000 lbs.), as against 1520 for 



Fki. 7.—Princii'AT. Liouitimieaiuso Ueoioss is the 1,'siTEi) States. 


United States anthracite. The briquettes have a calorific value of 10/1 Iths 
of that of United States anthracite, in addition to which it was claimed that they 
posse.ssed better burning quaUties, and that they do not clinker. 

Carbonisation at about 000'’ C. yielded a residue having the highest B.T.U. content. 

The following analysis gives the composition of a straight coal-tar pitch 
briquette 

Fixed carbon. .'iO-S per cent. 

Volatile matter. 10.4 „ 

Moisture.4-3 ,, 

Ash.= 10-5 „ 


B.T.U fe 
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The production of lignite in Canada in 1921 reached 3,217,000 tons, while the 
importation of United States coal to Central Canada was 18,102,620 short tons. 

United States .—^The principal regions in the United States in which lignite is 
foimd are shown in Fig. 7. The total resources of lignite, brown coal, and sub- 
bituminous coal are given as 1,863,542 million tons, or nearly one-third of the total 
coal resources. The estimated tonnage of lignite is given as 1,051,290 million tons. 

The principal deposits are in North and South Dakota, and Montana, with 
smaller deposits in Texas, Alaska, and in Western and Southern States. 

The moisture content generally appears to vary from 20 per cent, to 40 per cent., 
and while the opinion has been prevalent that these high moisture fuels cannot be 
efficiently utilised for the generation of steam, a considerable quantity is pow being 
used for this purpose, although there is no doubt that the average thermal efficiency 
obtained will be low. 

The following Table, No. 12, gives proximate and ultimate analyses of Texas, 
North Dakota, Arkansas and Alaska lignites: - 


TxVBLE No. 12 
Texas Lignites 



Proximate .\sai.y 

5 S fe £ S 

3 S X j 

A = S E S 

SBS. 

l l.TIM.ATE .4NALV.SES. 

=' • - I 

i ai -* 

3 ' i:- « i ;; 1 5’ S 

-y; ' X -.j \ y, ■■ C 33 

Wooter’s Mine, 




Houston t'ounty 

34-70 33-23 21-87 

11-20 

-79 6 93 39-25; -72 i 41-11 70.56 

Olsen Mine. 




Milain County 

31-06 27-67 33-89 

7-88 

-99 6-53 44-70 -iX) ! 39-00 7870 

HoH Mine, 



1 

Wood County 

33-71 29-2.5 29-76 

7-28 

-53 6-79 42-52 -79'42-09 : 7348 


Sorlh Dakota end Arkansas !.ignites 



Proximate .X.vai.yses. 


Cl.TISIATE 

Anaia'ses. 



? 

to 

S 

Volatile 

content. 

Fixed 

carbon. 

1 

I 

) 

i 

! < 

1 

2 

X 

Z 

tL 

s 

X* 


•UOJjt hill'll 

ii. 

iJ 

X 

North Dakota 
Wilton 

35-96 

31-92 24-37 

7-75 

1-15 

6-.54 

41-43 

1 21 

41-92 ! 

7069 

Lehigh 

. 32-64 

29-19 ; 26-75 

11-42 

3-.54 ! 

6-15 

.39.53 

-49 

38-87 i 

6970 

Williston . 

38-92 

25-54 - 30-15 

5-39 

-48 ! 

6-89 

39-34 

-68 

47-22 j 

6739 

Arhinsas 

Lester Mine 

. i .39 -43 

26-49 24-37 

9-71 

! 

-49 i 

6-98 

36.33 

-68 

45-81 i 

6.3.56 

(Ovachita) 

1 

i 



*• 1 

1 



i 
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TABLE No. 12 —coniimed 
Alaska Lujnites * 



Jloisture. 

V^olatilo 

matter. 

Fixed 

(-arhen. 

.Ash. 

Sulphur. 

Port Graham, 1 sample. 

16-87 

37-48 

39-12 

6.53 

-.39 

iSouth-Kastern Alaska, average .T samples 

1-97 

37-84 

35-18 

24-23 

-57 

Wainwright Inlet, 1 sample .... 

10-65 

42-99 

42-94 

3-42 

-62 

Colville Elver, 1 sample .... 

11-50 

30.33 

30-27 

27-90 

-.50 

Upper Yukon (Canadian), average 13 analyses . 
Upper Yukon (Circle Province), average 3 

13-08 

39-88 

39-28 

7-72 

1-26 

analyses. 

10-45 

41-81 

40-49 

7-27 

1-30 

Upper Yukon (Rampart), average 6 analyses . 

11-42 

41-15 

36-95 

10-48 

-33 

Seward Peninsula, 1 sample .... 

24-92 

38-15 

33-58 

3-35 

-68 

t!hitistone River, 1 sample .... 

1-65 

51-50 , 

40-75 

6-10 


Kachemak Bay, average 6 analyses 

19-85 

40-48 

30-99 

8-68 

•35 

Xenana River, 1 sample .... 

13-02 

48-81 : 

32-40 

5-77 

•16 

Kodiak Island, 1 sample .... 

12-31 

51 -48 

.33-80 

2-41 

•17 

Unga Island, average 2 analyses 

10-92 

.53-36 

28-25 

7-47 

1-36 

Tyonek, average 4 analyses .... 

8-35 

54-20 

30-92 

6.53 

•38 

Cliistoehina River, 1 sample .... 

15-91 

60-35 

19-46 

4-28 


- -- — — - — 

— 

. 


_— 



In spite of the fact that lignite is only used to a very limited extent in the 
United States, and in districts very remote from the ordinary coal-fields, much 
experimental work has been carried out, not only in the burning of raw lignite for 
steam generation, but also in carbonisation and briquetting. 

Generally it may be observed that carbonisation is favoured, as a means 
of providing not only a much more valuable fuel, but also in recovering valuable 
by-products. It is, however, becoming increasingly evident that the efficiency of the 
carbonisation process will be much improved by preliminary drying of the fuel. 

In Technical Paper No. 178, entitled “ Notes on Lignite, its Characteristics and 
Utilisation,” ^ Mr S. M. Darling refers thus to the use of lignite :— 

“ Because of the inherent shortcomings as fuel in the raw lignite itself, one 
can safely say that it will never be much used in its natural state. The one fact 
of containing 30 per cent, water would of itself prevent use elsewhere than in the 
immediate vicinity of the mine. Therefore the treatment or carbonisation of the 
lignite, which is absolutely essential to its more general use, is strictly in accordance 
with modem scientific reseaTch. We are simply of necessity starting now to do 
with lignite what will be done eventually with all our high volatile coals. Instead 
of trying to burn raw lignite in the primitive and wasteful ways now employed, 
the lignite should be so treated as to yield several products, each peculiarly aidapted 
to a particular need, as follows : - 

(1) Dried lignite for use on automatic stokers. 

“ (2) Powdered lignite from the dried pulverised lignite, for use in cement 
kilns, under locomotive boilers, and in other large furnaces. 

* Compiled fiom Reports of the United States (leolo^ical Survey. 

® Technical Paper 178, ‘‘ Notes on Lignite, its (•haracteristics and Utilisation,” by S. M. Darling, 
Department of the Tntejor, Burtiau of Mine^i. 19H». 
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( 

“ Pulverised lignite can also be used in fuel oil burners in conjunction 
with fuel oil. An oil inixtiu'e ^ containing 30 per cent, of dried an^ 
finely pulverised lignite will still act as a fluid, and can be burned as a 
liquid fuel. * 

“ (3) Dried lignite briquettes for large hand-fired industrial furnaces and 
heating plants. 

“ (4) Carbonised lignite, for use in suction gas producers. Tests of carbonised 
lignite in car load lots have showii it to be an unexcelled fuel for such 
producers. 

“ (5) Carbonised lignite bri(piettes for domestic service, an ideal domestic fuel. 

The carbonising of lignite will place the lignite-bearing regions 
substantially on a par as regards fuel and po\ver wth those parts of the. 
country that are favoured with bituminous coal. It will give a better 
domestic fuel in the way of carbonised lignite briquettes, a better gas 
producer fuel in the form of carbonised lignite, enormous (juantities of 
gas, to be used to fuel or power purposes, a large tonnage of fertiliser 
in the form of 8iU})hate of ammonia, and a great amount of oils and tars. 

“ Indeed the products resulting from the carbonisation of lignite 
are so numerous and varied that it is difficidt to imagine a community 
W'hich could not use all of such products, or whose needs the products 
coidd not be so varied as to fit." 

It will be observed that Air Darling, who has made a close study of the 
utilisation of lignite, insists upon the importance of carbonisation. Wliile this 
view is shared by many other authorities and can scarcely be disputed, the following 
comparative data (Table No. 13) will be of interest as very strikingly show’ing the 
improved calorific, value of carbonised and bihpietted lignite as compared W’ith raw 
lignite :— 

TABLE No. 13 


Im/m>vement in the Heat Value of United Slates Lnjnitvs, as the 
Resii’t of Briqueltinij 

Moistcke. llE.CT Valck I'ER I’dCNn. 




Til Kiiw 
Lit;iiit«‘. 

Til llri- 

iluoMfs. 

Rfiiiovotl. 

Raw Lit'nlrt* 
Tl.T.r.V. 

llriqiK'tfcs 

JU'.r.V. 

Iii<tcu8c. 



l*fr ifiii. 

I’rr fojil. 

('it ffUl. 



IVr cent. 

Texas 

Pittsburg No. H 

33 

!) 

24 

0840 

0331) 

,36-5 

North Dakota 

„ 11 

40 

12 

28 

0241 

0354 

50-0 

>} J ? 

13 

42 

10 

32 

0070 

03.55 

54-0 

California 

„ 14 

40 

10 

30 

0080 

0204 

52-4 


The following comparative figures of analyses,* while being incomplete, serve to 
demonstrate the value of briquetting, while at the same time showing how closely 

* Known as colloidal fuel. , « 

* “ Kconomic Methods of t’tili.sing Western Lignite.” by K. J. UatxUK k. Bulletin 89, U.S. 
Bureau of Mines. 
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United States briquetted lignite from the Western States approaches Pennsylvania 
anthracite in its fuel value. 


r- 

Moisture* 

Volatile 

matter. 

Fixed 

(‘arbon. 

Ash. 

Heating 

Value. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

B.T.l'.’s. 

Lignite as mined . 

36-01 

25-11 

34-67 

5-21 

7,000 to 
8,000 

Lignite briquettes carbonised 

0 to 6 

2 to 8 

72 to 82 

10 to 16 

11,500 to 
12,000 

Anthracite .... 

1 to 6 

2 to 6 

78 to 92 

10 to 15 

12,000 to 
13,600 


In a paper read before the International Railway h'uel Association * in May 1920 
by Mr S. M. Darling, whose work has already been referred to, the following Table, 
No. U. was included showing the products obtained in the carbonisation of lignite ; - 


TABLE No. 14 


Products of CarhonimtioH of Lujnitc 


Gas per ton of lignite 
Oil and tar 
Annnoniacal residue . 

Carbon „ 

Lujnite Gas 

Carbon dio-vide 
llluminants 

Oxygen .... 
Carbon monoxide 
Methane. .... 
Hydrogen 

Nitrogen .... 
Candle power . 

B.T.U.’s per cubic feet 


. cubic feet 

10,0(M1 

gallons 

15 

pounds 

955 

. Oval Gas 

Lijrnitc ( Jus. 

(^lal (Jas 

15-9 

1-34 

3-5 

4-12 

0-2 

0-03 

19-5 

6-75 

16-1 

34-60 

43-9 

59-19 

0-9 

2-67 

3-2 

16-00 

449 

630 


The figures given in this table by Mr Darling may with interest be comjmred 
with the following average re.snlts of a number of tests with lignites from North 
Dakota, Montana, Colorado, and Texas, given by Mr E. J. Babcock in “ Economic 
Mctljods of Utilising Western Lignites ” :—Average yield per ton of dried lignite 
unpurified gas, 11,038 cub. ft.; average calorific value, 396 B.T.U.; retort, 
temperature average, 1498° E.; residue after gas driven off per ton average, 1092 lbs,; 
proportional amount of residue to total, 64 per cent. 

' “'I’ho Better I’tilisaiion of Sub-Bhuminoiw and iaigiiUe Coals,” by 8. M. Darling, Fuel 
Engineer, I'nitoil StatcSj|Bureau of Mines. 
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South During the past forty years it has from time to time been 

reported that coal has been discovered, but in every instance investigation ht^s 
shown the discovery to be tertiary lignite. 

In 1914 a considerable deposit was located at Paradise, Highbury, near 
Adelaide, at a depth of from 156 to 176 feet. An analysis by Mr W. S. Chapman, 
Analyst to the Department of Mines, gave the following result:— 


Moisture at 105° C. . . . 

17'10 per cent. 

Hydrogen ..... 

. 3-74 „ 

Carbon ..... 

. 48-28 

Nitrogen ..... 

0-30 

Oxygen ..... 

. 16-22 

Sulphur ..... 

2-24 

Ash ...... 

. 12-12 


l(.K)-00 per cent. 

Calorific value =8184 B.T.U.’s 


The author inspected a similar deposit in the same district in 192(1. samples 
then taken gave results substantially in agreement with the above. 

At Leigh Creek, 373 miles from Adelaide, there is a large deposit, co\'ering an 
area of some 42 sqixare miles. In 1917 about 700 tons were rai.sed in order to 
carry out exhaustive tests. 

Analyses of samples from this area gave the following results: • 


Moisture at 105° C. 
Volatile matter 
Fixed carbon . 

Ash 

Sulphur . 


Per cout . 

21-81-31-.55 

21-39-33-06 

28-63-39-46 

■l-79--23-8() 


Air J)ric<l. 
Per rent. 

11-.32-18-22 
23-2(i-31-97 
35-()9-46-90 
r)-20-25-04 
OvlO- O-tiO 


The variation in the percentage composition of the fuel as mined, in successive 
samples taken from the roof to the floor, is shown in the diagram Fig. 8. 

In 1918 a seam of 28 feet in thickness was located at a depth of 418 feet at 
Bower, 85 miles from Adelaide, on the Adelaide Morgan Railway. A bomb 
calorimeter test of an air dried sample showed a calorific value of 8652 B.T.U.’s 
per pound. Other samples tested showed a very high sulphur and ash content. 

The Leigh Creek field appears to be the most promising of all the deposits so 
far investigated. 

At the Broken Hill Works of The Associated Smelters Company in 1919 a test 
of Leigh Creek lignite with a Stirling toiler showed an evaporation of 4'017 pounds 
of water per pound of fuel burned, from and at 212° F? This test, Which was made 
with a furnace designed for burning bituminous coal, showed that given a suitable 














340 B.T.U. gas per ton of coal carbonised, the yield of tar was only 1 per cent, as 
against a /leld of C per cent, from Newcastle, N.S.W., coal. The residual was very 
friable, but had a fixed carbon content of 66 per cent. 

In 1919 this lignite was given a practical trial in the firing of a large rotary 
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kiln at the works of The Adelaide Portland Cement Co., Ltd., at Birkenhead. 
Unfortunately the existing dryer, which was only suitable for removing about 3 per 
cent, of moisture from Newcastle, N.S.W., coal could only reduce the moisture in 
the lignite to about 19 per cent. 

Nevertheless the ignition and combustion were satisfactory, and although 
difficulties were experienced in operation, it was shown that from 2 to 2-25 tons of 
lignite were equivalent to one ton of Newcastle coal. 

Realising the importance of developing the fuel resources of the State, in 1920 
the South Austrahan Government decitied to allocate a sum of £5000 for experimental 
work with pulverised Leigh Creek lignite, as also to experiment with other deposits. 
Since this grant was made some very extensive deposits have been located near the 
River Murray. 

In common with mo.st lignites. South Australian lignite disintegrates very 
rapidly. The moisture generally seems to vary from about 20 per cent, to 33 per 
cent., but this can be reduced by air drying to about 15 per cent. 'I’lie ash varies 
from 5 per cent, to about 24 per cent. 

It is necessary to bear in mind that all trials hitherto conducted in South 
Australia have not been made under conditions or with apparatus most suitable 
for the efficient burning of this fuel. In every case the plant used was that designed 
for the burning of bituminous coal. 

During last year some evaporative tests with pulverised South Australian 
lignite were made in London : the results then obtained were remarkably satisfactory. 

To the State of South Australia the successful economic development of the 
existing fuel resources is of the utmost importance, and there is little doubt that 
within the next few years a great advance will be made. 

Victoria, Australia .—The lignite and brown coal deposits in Victoria are very 
considerable, and during the jiast few years there has been much activity in 
experimental work with a view to important developments upon a large scale. 

Following an exhaustive and valuable report ^ by an Advisory Committee, 
appointed by the Government and presented in 1917, and a subsequent report by 
the Electricity Commissioners presented to Parliament in 1919, it was decided to 
proceed rvith a very comprehensive and important scheme for the utilisation of 
extensive deposits of brown coal at Morwell, Gippsland, some 90 miles from 
Melbourne. 

Taking si.x typical deposits of Victorian brown coal, including Morwell, the 
comparative proximate analyses are as follows :— 



Morwell.® 

.tltona.® 

(Jellion- 

dale.’ 

Lai Lai. 

Dean's 

Mai-sh. 

Xanu- 

can.* 

iloisture .... 

53-00 

46-80 

59-60 

.56-78 

46-86 

41-36 

Volatile hydrocarbons 

24-00 

27-60 

21-.50 

21-61 

26-65 

27-13 

Fixed carbon 

21-8 

20-.50 

17-.30 

20-03 

30-73 

22-36 

Ash ..... 

1-2 

5-10 

1-60 

1-.58 

2-56 

8-25 


* Report of the Advisory Committee on Brown Coal, State <ti Victoria, September 1017. 
“ =bore coal. ’ —partly air dried. 

»L 
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UltiiAate analyses of Morwell and Altona sampler*made at the Geological Survey 
Laboratory gave the following results 



.\loi»lll. 

Altona. 

Carbon 

. 66-5 per cent. 

61 -59 per cent. 

Hydrogen 

. . 4-4 „ 

4-17 „ 

Oxygen 

. 25-5 „ (approx.) 

25-00 ,, 

Nitrogen 

. . 0-8 „ 

0-64 „ 

Sulphur 

. . 0-3 „ 

0-94 „ 

Ash . 

. 2-5 „ 

8-01 „ 


Various samples of brown coal from the Morwell o])en cut showed the following 
calorific values, as determined by the Mahler bomb calorimeter 

(«)‘ (M" (G* 

Moisture at 105° C. per cent. . . . 35-0 ll-O 15-3 4C'0 45-1 

B.T.U.’s per lb. of coal . . . 7518 (i7.5() 0857 0130 0233 

In addition to the enormous brown coal deposits at Morwell, there are other 
important deposits at Altona, Laverton, Gelliondalc, and Medley, Thompson’s 
Bridge and Lai Lai. At Altona is a seam 70 ft. thick, and at Laverton, 2 miles 
distant, the seam is 140 ft. thick, where it is estimated that the available coal i.s 
about 108 million tons. 

Between Gelliondale and Medley is a seam varying from 120 to 193 ft. in 
thickness, with an overburden of from 30 to 45 ft. This field is estimated to contain 
about 250 million tons, all obtainable by open cut operation, as illustrated in 
Figs. 9, 10 and 11. 

At Thompson’s Bridge, about 5 miles west of the great Morwell open cut, is a 
seam averaging about 50 ft. in thickness, with an overburden of from 50 to 60 ft. 
Merc the estimated quantity of coal is about 80 million tons. 

Westward of the great Morwell open cut, and quite, close to the Morwell Bower 
Mouse site, is one seam averaging about 100 ft. in thickness, with an overburden 
of 10 ft. The anticipated open cut yield here is about 42 million tons. 

Beyond this block, which has an area of about half a scpiare mile, are several 
square miles of coal-bearing coimtry, with an overburden increasing gradually to 
100 ft. It is estimated that this districk w'ould produce about 100 million tons. 

At Lai Lai, some 13 miles from Ballarat, brown coal was first mined fifty 
years since, and its production still continues at the Lai Lai mine of the Central 
Victorian Iron and Coal Company. No definite information is available" as to 
the quality, thickness or extent, but there appears to be little doubt that 
considerable deposits are available. 

Considerable quantities of Lai Lai brown coal are now being used in Melbourne 
in pulverised form for the firing of steam boilers. 

The Morwell open cut, hitherto operated by the Victorian Government Mines 

1 i^Tested in Geological Survey Jjaboratoiy. ■* -Tested in Railway Department Laboratory. 
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Department, and illustrated in S'igs. 9, 10 
and 11, was visited by the author in 1920 
and 1921. It is a remarkable and mo^t 
interesting example of open cut or quarry 
mining. The output in 1920 varied front 
500 to 1000 tons daily, which was mostly 
sent by railway to Melbourne, where it was 
used mainly for industrial purposes. 

Fig. 9 is a general view of the open 
cut, while in Figs. 10 and 11 are shown 
respectively operation at the qpal face, 
and also the portable railway to the face 
which is arranged above the railway loading 
sidings. 

In the Report of the Advisory Com¬ 
mittee on Drown Coal, State of Victoria, 
1917, already referred to, the brown coal 
was thus describedThe brown coal 
from these several localities is a matrix 
of earthy brown coal with sj)oradic in¬ 
clusions of lignite,' i.e. fragments and even 
trunks of trees retaining their woody 
structure. The matrix consists of ])ollen 
grains, sj)ore cases, and decomposed 
vegetable matter. The coal varies in 
colour between a yellowish brown and 
black, but it always pulverises to a brown 
powder. The moisture of freshly mined 
coal generally exceeds 50 per cent., but 
much of this is lost on exposure, par¬ 
ticularly in warm weather, when a few' 
weeks of air drying woidd appreciably 
reduce the moisture content. On con¬ 
tinuous exposure thb coal shrinks and 
disintegrates, but large coal from some 
of the seams (such as Morwell open cut) 
w’ill not slack seriously for several montlrs 
if reasonably sheltered from rain and ex-' 
treme heat. Sul{)hur is present, partly 

^ Samples which the author obtained at Moru'cll 
open cut comprised both brown coal and lignite, the 
wcKidy character of the latter being very marked 
and its appearaiice somewhat resembling Valdamo 
(Northern Italy) lignite. 
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Fk;. 10. Mouwkll ‘-Open CrT*' (Victoria, Australia), operatino at the Coal Face. 

{From Photograph by the Author.) 




Pig. 11.—Morwell “Open Cut” (Victoria, Australia). Portable Railway to the Coal Face. 

{From Photograph by the Author.) 
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organic, partly secondary, in the latter case as iron pyrites. Nodules' and veins 
of mineral resins are more or less common, but not in high percenjages.” 

So far as is known at present the deposits in the neighbourhood of IMorwell 
are of such thickness as are without parallel in any other country in the world. 
One bore hole showed seven beds of coal within 1000 ft. of the surface, of a total 
thickness of 781 ft. 

Fig. 12 is a maj) of the State of Victoria showing the location of the brown 
coal deposits already referred to. 

The following steam boiler evaporative tests made in 1909 and 1917 res])ec- 
tively are of much intere.st as showing the results then obtaineil witli Jlorwell 
brown coal under conditions which admittedly were not the most favourable :— 


TABLE No. 15 


Moruell Brotm Coal Tests at Neirport {Melbourne) Raihraif Workshops 


Type of boiler 
Heating surface 
Furnace 


Babcock & Wilco.v Water Tube. 
28(K) S(i. ft. 

Cotton. 


Furnace area at fire level .... 

Furnace area at floor level .... 

—21 sq. ft. 
15-75 sq. 

ft. 



.Vo. 1. 

Vo. 

Vo. :i. 

Date of test ....... 

I.5/1/09 

18/1/09 

19/1 09 

Duration of test in hours .... 

8-66 

8-00 

8-00 

Steam pressure per sq. in. ... . 

70 

74 

75 

Temperatures — 

Gases leaving boiler, °C. .... 

184 

105 

170 

Feed water, °C. ..... . 

91 

92 

91 

Fuel — 

Total corusumption, lbs. ..... 

78:50 

79-27 

0812 

Average consumption, lbs. per hour 

904 

915 

789 

Feed Water — 

Total evaporation, lbs. ..... 

;57,988 

37,12:5 

37,900 

Average evaporation, lbs. per hour . 

4,38:5 

1,320 

4,375 

Economic Results —• 

Evaporation per lb. of fuel as fired . 

4-85 

1-72 

5-.54 

Equivsdent evaporation per lb. of coal from and 

at 100 °C. 

5-o:5 

4-89 

5-75 

Steam percentage used for draught . 

4-44 

4-44 

4-14 

Moisture percentage in steam .... 

1 -25 

1-25 

1-25 

IMoisturc percentage in coal .... 

34-20 

29-38 

22-52 

Calorific value of fuel as fired B.T.U. 

.7557 

8097 

88:59 

Net efficiency of boiler with coal as fired . 

01-4 

55-7 

5. 

00-0 
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TABLE No. 1C 

Morwell Brown Coal Tests at Melbourne City CouikH Power House 


Type of boiler . . . . 

Heating surface . . . . 

Normal rating . . . . 

Type of furnace .... 
Grate area. 

Date of test. 

Duration of test in hours 
Steam pressure per sq. in. 

Temperatures - - 
Gas leaving boiler, “0. 

Feed water. 

Steam, °C. 

Pre-heatcd air .supply, M). 

Fuel— 

Total consumption in lbs. 

Average, consumidiou in lbs. ])er hour 
Average consumption in lbs. per s(j. 
ft. of grate per hour . 

Feed Water— 

Total evajioration in lbs. 

Average evaporation in lbs. ])er hour 

Eanwmic Results — 

Evaporation j)er lb. of fuel as fired . 
J'ivaporation per lb. of fuel from and 
at 100” C. ..... 
Moisture percentage in coal 
(Calorific; value of coal, B.T.U. 
l^fficienoy of boiler and air heater 
with coal as fired 


Bahcock & Mfilcox Water Tube. 


. 30.54 sq. ft. 

. 12,600 lbs. per hour. 

. Serai-producer type, external. 

. 49 sq.ft. 

No. 1. No. 2. No. 3. 

Nu. 4. 

11/8/17 

1.5/8/17 

17/8/17 

20/8/17 

(in 

0-0 

0-5 

0-0 

103 

103 

101 

100 

200 

201 

300 

288 

97 

97 

96 

Kill 

273 

271 

204 

200 

89 

87 

90 

83 

28,072 

20,832 

30,088 

25,700 

4,412 

3,472 

4,721 

4,293 

90 

70-9 

90-4 

87-6 

101,000 

72,300 

104,.500 

92,700 

15,,510 

20,0.50 

10,080 

15,150 

3-.52 

3-47 

3-41 

3-00 

l-Ol 

3.95 

3-80 

l-Ol 

H-O 

4.5-3 

40-0 

1.5-1 

0,7.50 

0,857 

0,130 

0,233 

.57-3 

,5.5-6 

00-7 

02-0 


Morwell Brown Coal (see Table 17) 

Mink.s Depart.ment, Melbourne, 
September 'lith, 1917. 

Tests made by the Chief Mining Inspector at the Government Timber Seasoning 
Works, Newport,^ with the Owen type of firebar, designed to burn brown coal 
in the ordinary furnace of the boiler. 

* Tho author is indebted to .Mr lIiTrin, Chief Inspoetor of Mines, for details of these tests. 
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The object of the tests was to determine the efficiency of this type of firebar 
^n its relation to 

(а) The condition of the fire, and t!ie combustion of brown coal. 

(б) The quantity of brown coal consumed per sq. ft. of grate by natural draught, 
(o) The heat value for steam purposes of the brown coal measured relatively 

to that of Wonthaggi large coal (now being supplied to the public). 

The re.sults of the tests under the foregoing headings were briefly:— 

(а) The coal did not pack in the grate, but remained open, and underwent 

vigorous combustion. 

(б) Using the same grate area, and with natural draught, the increased (juaiitity 

of brown coal consumed enabled the necessary head of steam to be 
maintained to run the seasoning plant. 

(c) A quantity of 2-0.5 tons of brown coal was found to be equivalent to 1 ton 
of Wonthaggi large coal, at costs in Melbourne of brown coal (10s. per 
ton)=20s. (id., and Wonthaggi coal -23s. 8(1. 


Particulars of Tests 

Class of boilcr=Underfired Multitubular, length M ft., diameter (i ft. 

Tubes-00 Ain. diameter, fire grate area- 24 sq. ft., heating surface—1037 
sq. ft., maximum working pressure=100 lbs. 

i\ote .—The brown coal was burnt on Owen’s firebars and the Wonthaggi 
large coal on ordinary firebars. 

In December 1918, the Victorian Oovemment passed an important Act creating 
the Electricity Commissioners. This Act rras followed in 1919 by the passing of 
the Appropriation Act, providing the necessary funds, and authorising the develop¬ 
ment of the brown coal deposits at Morwell. 

A large power station is now in course of erectiem at Yallourn, Morwell, which 
will have an initial capacity of (>2,5(10 k.w., the steam boilers, 12 in number, each 
having a normal evaporative capacity of 70,000 pounds of water per hour, will be 
niechanically fired with brown coal. It is anticipated that the power station, for 
which all contracts have been placed, will be in o|)eration early in 1924. 

The electric energy will be transmitted to Melbourne, a distance of about 
90 miles, at 132,000 volts, and supplied in bulk at 20,000 volts to various undertakers 
holding electricity orders, and also to large consumers. 

It is anticipated that electric energy will be available m Melbourne at a price 
wliich could only be eciualled if imported coal were delivered at the generating station 
at about 15s. per ton. In July 1920 the price of imported New South Wales slack 
on the wharf at Melbourne was about 2()s. 9d. per ton. 

At Morwell it is expected that it will be po.ssible to place brown coal in the 
power house bunkers at a cost of rather less than 3s. per ton. 

In addition to the supply of eleetric energy from Morwell, a complete bricjuetting 
plant is being installed with a view to pioducing standard briejuettes for domestic 
and possibly also iqjlustrial consumption. 
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The price of large house coal from New South Wales in the winter of 1920 was 
about ilos. per ton delivered on the wharf at Melbourne. Brown coal briquette)} 
can be ])roduced and sold at a very much \ower figiire, and there is little doul)t that 
a considerable and increasing demand for this fuel will be quickly developed. 

The Morwell scheme is an ambitious one, and is probably by far the most 
comprtdiensive and important project yet launched for the utilisation of high 
moisture fuel. 

It is confidently anticipated that this enteipihe will have far-readiing and 
beneficial effects in the promotion of industrial expansion in Victoria, which State 

hitherto wmdd appear to have been 
hamperc'd in industrial dcvelo|mient by 
expensive cojil and irreguhir supplies. 

While the Morwell brown coal is un¬ 
doubtedly heavy in moisture content, the 
author was most favouiiibly impressed by 
the facts (1) that it is a uniformly clean 
fuel the percentiige of ash varying from 
I ])er cent, to 2 per cent.; (2) that con¬ 
siderable (piantities, even under unsutis- 
fiU'tory conditions, are being used in place 
of bituminous coal; and (3) the bicility 
with which the fial is mined, the e.vtra- 
oidinarv thickness of the seams, the uni- 
fomi ([uality, and the enoiiiioiis extent of 
the available deposits. 

'I’he, magnitude of the lignite deposits 
is graphically shown in Fig. No. 12. 

Western.lu.timlill :—Lignites iind brown 
coal, mostly of poor (piality, are to be 
found in various parts of the State, but 
very little active work has yet been done 



Fat. 13.- .Maonitcdk ok the Victorian jjx eoiinectioil Avith anv deposit. 

Iliiows Coal DErosns. -- i ■ i ' i t i 

Jiio geological surveys have so tar been 

undertaken, such as would enable any estimate to be made as to the area or 

quantity available. 

The development of collie coal has been so .satisfactory as to render unnecessary 
the exploitation of other and lower grade fuels. 

A sample of Ledger (Western Australian) lignite analysed in this country in 
1922 gave the following result: 

Fixed carbon ...... 4()-.59 ])er cent. 


Volatile matter 
Moisture 
Sulphur . 

Ash 


21-20 

17-8H 

0-27 

4-OC 
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Xei(' Zealand. liAVfic deposits of lignite and brown coal are available in the 
Dominion of New Zealand, and while these are now being extensively worked they 
must in the near futtire become of much more importance. It is estimated that 
of the total coal reserves of New Zealand about GO per cent, are lignite and brown 
coal. The ('stimated ' proved and probable reseivcs are, as follows : - ■ 


Drown coal 
Tji'Oiite 


IVovcd. 

Mitiioii^ 

of Tons. 

278-r) 


Probablt,*. 
Millions 
of Tons. 

728 

830 


The priiic ij)al producing ai-eas arc ; ■ 

Wuikdlo.- 'I'anpiri Coal Mines, Ltd., Pukcmiiro (Collieries, Ltd., and the Waipa 
Jtailway & Collieries, J.td. 

CoateWuo//. - (llomebush) Kaitangata and Nightcaps. 

The approximate total output of these fuels to December 3lst, 1018 was : - 

Drown coal ...... 11,1^0,1 oT tons. 

Lignite ....... t!,.Ttl,G78 ,. 


17,021.8:1.0 

Durino the same period the a]ipro.ximate total output of bituminous and semi- 
bituniinons coal was ;ll.705,00.o tons. It will be seen fiom the following ])ioximatc 
analvses.- Table No. 18. that generally the biown coal and lignites of New Zealand 
are of excellent ipiality : - 

TADLK No. 18 


Brown coal Taupiri ■' 

Taupiri, 
extended 
Nightcaps, 

Southland 
Kaitangata 

.llomebush. 

(Canterbury 

’ lt(^povt. of the Itoaixl of Tnulc. N./.. on the Coni tndiistry. May 20th. lUC.i. 
' “ l*ro.\innitc Analyses,’' hv Dr .Maoliito’in, Jloniinion .Xntilysl. 

■' .\ wimilc Icstwl in this coniitry tiave the following jmalysis - 
Ci-ccil earlxjn . . . • 4:l-Ul la'i-rcnl. 


SCN iff 

.Vc/e ZealuiKl Broini Coal and Lujniit’f 


cttrl Mill. 

Vohililc 

uff. 

A'l.. Siilidmr. 

(■;iU>i'ilu: 

\ ;iluc 
(c;ili>ri«“.-). 

olliciciicyiLi 

ditcitiiinctl 

l»y 

caUn’iiuctor. 

•i:5-7:} 

12-12 

11-72 

2-13 0-32 

Gl’2!i 

11-14 

•1 1 -20 

:i8-72 

17-bG 

2-.52 0-’28 

5737 

10-70 

:i8-oo 

llll-DG 

18-22 

3-82 O-IO 

5553 

40-3(1 

:5l-8;3 

41-82 

23-15 

3-20 0-11 

41153 

11-2-4 


Volatile matter 

Moisture 

Ash 


liSMtl 

u-.si 
2 MS 
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TABLE No. IS--rontimifd 


-Kvfiporntivo 


Dosoriittion. Lix'ulily. 

Fixeil 

iMfbon. 

iiiaHtir. 

JLiWtirc. 

Ash. Sulpliur. 

f'nlorilir- 
valiu- * 
(ralorics). 

fllb-U‘Hry 

thdvnniiif^ 

hy 

Lignite Bannockbrtrn ■] 

1 




Piiloriiiieter. 

Cromwell 

,, (Central Otago J 

1 23-75 

-13-83 

20-12 

()-30 0-32 

1291 

8-00 

„ Mataura, I 

Southland j 

1 19-01 

■10-77 

30-05 

-1-.57 0-31 

3789 

7-07 


Tn the charging of clifFercntial railway rates the railways ol New Zealand 
encourage the use of these fuels. 'I’he highe.st rates are charged upon imported 
Australian coal, reduced rates on New Zealand lutuminous coal, and the low’hst 
rates on brown coal and lignite. 

Important deposits of lignite exist in (Izecho .Slovakia, while in Denmark during 
and since the War the oirtput of brown coal has averaged about bO.OOO tons per 
annum. Dirtch lignite is referred to iir airother chapter in which waste fuels are 
discussed. Lignite has been, and .still is, mined in Bohemia, (Ireece and Austria, 
as also in Italy, where during 1922 the production was 1,8-10,00(1 tons. 

The, following are analyses of Bohentian and (Irecian lignites :— 


Bohemia 


Moisture. 

Ash. 

Pombustihlc 

matter. 

('alories. 

19-00 

2-55 

77-55 

551 () 

27-83 

2-91 

(i9-20 

1775 

30-50 

3-21 

00-03 

1013 

Parboil, llydrtfgcn. 

Greece 

Nitrogen. Sulphur. 

.\sli. .AlOisture 

48-.80 

1-21 

0-05 

2-07 

10-40 iO-OH 

38-09 

4-03 

2-51 

9-21 

I0‘14 13-72 

■10-21 3-32 

0-97 

0-04 

7-59 18-09 


Extensive dejrosits of lignite are availabh^ in the Malay Peninsula, India aire 
Burma. The following recent analyses of Palana (Indian) lignite are of interest 
as tliis fuel is now being burned in hand-fired furnaces of both Lancashire am 
Economic boilers for' steam generation in connection with electricity sitpply. 



Palana Liijnile ' 





Volatile 

matter. 

Fixed 

carlKui 

Moisture. 

.•\sh. 

Spetitic 
ura\ Ity. 

As received 

. 25-13 

24-92 

45-(iO 

1-35 

1-19 

Air-dried . 

. 34-74 

34-11 

24-80 

0-02 


Dried 

. 10-20 

45-80 


8-00 



‘ (.'fjmpftrative tests of Palana lignite liritjuettes and Bengal coal h..v(' sliown, for a 

equivalent evaporation, a consujiqdion of 1 -744 11m. of lignite to 1 Ih. of coal. (See TmiiMiclloii.s of il 
Minintj and Geological Imiiinic of India). 
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Vhitnate Analysis 

DKIKD SAMPLK 


Carbon . 

Hydrogen .... 

Nitrogen. 

O.'tygen, by difference 

Ash. 

Calorific value of dried sample 


. ()2-r)C per cent. 

5-15 
0-7r. 

. 23-0:5 „ 

. 8-.')0 „ 

11,57!) HT.U. 


The valuable experimental and research work done by Professor W. A. Bone ^ 
in the pre-drying of high moi.sture fuels has very clearly demonstrated their improved 
calorific value when the moisture content is materially reduced, and there is but 
little doubt that in the future development of lignite, and brown coal the use of waste 
heat for rediuang the moisture content will play an imjiortant part. 


Points of importance to be observed in the burninij of I.iyHilc and 
Broim Coal for f leam (ieneralion ^ 

The results obtained in steam geneiation with high moistiire fuels, even with 
furnaces and combustion chambers designed and arranged for the burning of 
bituminous fuels, has conclusively shown that lignite and brown coal can be burned, 
but with a thermal efficiency which rarely exceeds (iO per cent. 

Tins will be cpiitc clear from the foregoing details of evaporative tests at Ottawa 
and in Melhourne. 

Further, it has been demon.strate<l that with furnaces sjrecially designed for 
the burning of these finds no difficulty is experienced in obtaining the rated boiler 
outi)ut, and also a thermal (efficiency which will bear reasonable comparison with 
good average results obtained when birrning bitumiuoiis coal. 

The (jirestion of firmacc dresign is an important one inasmuch as the design 
and efficiency of the tunraee are the determining factors in tine performance of 
the boiler. 

It will, for instance, be obvioirs that if these high moisture fuels are burned under 
the same conditions as ordinary coal, and with rates of cornbrrstiou varying from 
15 to 25 lbs. per srj. ft. of grate surface per hour, the boiler output or capacity 
will be so redrreed that in order, to obtain the output of steam desired, two or even 
three boilers may be rerjuired to give the same evapoi iition as would be obtained from 
one boiler fired with bituminous coal under good conditions. 

If these high moisture fuels are to be efficiently utilised, if, in short, they arc to 
displace coal, or render iti use unnecessary, they must be burned under such 
conditions that, with a boiler of a given heating surface, it shall be possible to 

’ KxjMfriments at MnrwcU with the ])re-dryiiig a]ipamlus by Professor Bone, and 

mamifactuml hy the TiMlerfml Stffker (\>., Ltd., liave shown a rate of fonihiistion of 94 ll»s. per sq. ft. 
of grato per hour, an evaporation of 8*7 Iba. of wattn* per ntp ft. t.»f heating surface per hour, and a 
fumaoo temperature of F. 
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Induced Draught 



Fio. 14.— Patent Drybh mn Bkows (’(‘al and LitfNiTE as afi’I ird to a 
Thomfson VVatkk Ti be Boiler. a 
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bill'll lignite or brown coal efficiently at such rates of combustion that an eiiuivalcnl 
boiler output can be secured. 

For the efficient utilisation of these fuels for the generation of steam the only 
suitable boiler is the water tube type. With no other type of boiler is it possible 
to ])rovide either the most suitable, furnace ecpiipment or the conditions which are 
imjiei-ative for the efficient combustion of high moisture fuels. 

Xot only docs the design of the water tube b.oiler lend itself to the provision 
of a suitable type of grate and a sufficiency of grate area, but what is even more 



t'lt;. 1."). ok l''l'KNArK .tlS'HKH KOH THK BntMNt; OK MoKWKI.I. HllOWX Co.AI. JS 

lOSNKITloS WITH A HaHCOCK Ik Wil.COX lioll.K.I! AM) CHAIN CH.ATK MkCHANH'AI. STOKKHS. 


im]iiirtan1 is that this tvpe of boiler can be so set as to ]U'ovide .suitable combu.stion 
space. 

.\]iart from the (piestion of air sujiply the jiroblem of burning these fuels with 
a reasoiuibh* efiicienev hinges u])on the type and arrangement of the grate and the 
provision of suitable combustion area. 

-Mthough it has bi'cn assumed that a powerful draught is necessary, actually 
this is not so. A furnace draught of 0-.5 ins. W.(!. will burn as much as 10 lbs. 
per sq. ft. of grate per hour. 

The use of hot air for combustion is undoubtedly advantageous, but the pre- 
drviug and upgrading of the fuel, as advocated by Professor Pone, will show a much 
greater increase in the thermal efficiency, and accordingly gives a greater return 
upon the capital expjnditure involved. Tn Fig. 14 is shown the arrangement of 
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the patent dryer already referred to in connection with Professor Bone and the 
Underfeed Stoker Company, Ltd. The application i,s shown in connection with,a 
Thompson water tube boiler ecjuipped jvith underfeed self-contained mechanical 
stokers arranged for burning lignite or brown coal. 

Up to the present time neither the pre-heating of the air supply nor the pre- 
<lrying of the fuel has been adopted to any extent, mainly because it lias been shown 
that very good results in steam generation are obtainable Avith both fresh and air- 
dried fuels, with the air supply at atino.spheric temperature. 

While it is possible with efficient air-drying to reduce the moisture content to 
It) per cent., it will be obvious that the air-drying of these fuels presents the same 



difficulty as peat, inasmuch as such drying can only be seasonal and is limited l)y 
climatic conditions. 

Preferably all high moisture fuels should be machine fired, while very efficient 
results are being obtained with chain grate ‘ and travelling grate mechanical .stokers ; 
a step grate would also fidfil all requirements, but suitable arches are essential. 

Fig. 15 illustrates a Babcock and Wilcox boiler Avith chain grate stoker, the 
arches being specially arranged for burning broAvn coal. 

Whichever type of mechanical .stoker may be used, it should be specially arranged 
to suit the reqAiirements of the fxiel. The ordinary hopper gravity feed on to a 
horizontal plate or fuel bed does not present the best conditions. 

Wdth some mechanical stokers of the coking type tor the burning of coking 
coal a solid or perforated horizontal coking plate is provided. Under forced draught 

’ With ohain grate stokers the ratio of grate area to heating surtaoo sliould not he les- than 
1 to 30. 
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conditions this plate has been found to be of much value in aiding or accelerating 
ignition. ^ 

With a similar object in view substantial and sharply inclined plates provided 
for the burning of high moisture fuels would exercise a very beneficial spreading and 
drying effect upon the descending fuel, securing a more rapid liberation of the 
moisture and accordingly accelerating the ignition. 

The inclined plates suggested an? illustrated in Fig. 10, and have already been 
put into satisfactory use. 

The provision of ample ignition arch surface is essential. Not only is it necessary 
to p^•o^^dc a front arch of ample length, but Ihe results will be materially improved 
by the provision of a rear arch arranged at a rather lower level. All arches 
should preferably be as flat as possible and of the suspended type, set as low as 
practicable. 

The cubi<' capacity provided in the furnace must be adequate. Even in cases 
where boilers have been .specially set for the utilisation of high moisture fuels, and 
where it was assumed that ample combustion area has been provided, it has been 
found that the area allowed could have been increased with advantage. Owing to 
rapid disintegT-ation in the fire it is important that the design and arrangement of 
the grate shoidd be such that the sifting through of combustible into the ashpit 
is reduced to the minimum. 

It must not be assumed, even when high moisture fuels are burned imder good 
conditions, that an overall thermal efficiency can be obtained as high as is possible 
when burning coal imder equally favourable conditions. 

W’ith a well-designed and carefully operated plant using dried fuel a thermal 
efficiency of from C.o to 70 per cent, can be obtained when burning fuel at the rate 
of from ()0 to 90 lbs. per sq. ft. of grate per hour, with furnace temperatures varying 
from 2000° F. to 2100° F. 

In Tabl(!S Nos. 19 and 20 (sec pages (il-f)3) are included details of evaporative 
tests with lignite and brown coal, in Holland, Germany, Hungary and Austria. 
In each case the mechanical stokers used were of the Pluto (Dutch) type, which will 
be illustrated and described in a succeeding chapter. 

As an alternative method of firing, the pulverisation of lignite and bromi coal 
has been much advocated. With a view to carrying out tests upon a praidical scale 
the State Klectricity Commissioners of Victoria decided to instal a pulverised fuel 
plant at Newport Power Station, Melbourne. 

Given a suitable boiler, arranged and set for this system of firing, there 
is no doubt that efficient results may be obtained. The principal difficulties 
presented are (1) the satisfactory drying of the fuel and the cost of drying, 
(2) the actual calorific loss involved in drying a fuel possessing the characteristics 
of lignite or brown coal, and (3) the interception of the dust carried in suspension 
in the gases. 

A variation in the moisture content has a greater effect upon the results than 
can be accounted for merely by the thermal loss due 1^0 the irxreascd moisture per¬ 
centage. There would appear to be a critical point in the n^'isture content above 
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which the lo8s increases rapidly. This is doubtless due to the reduction in the furnace 
tepiperature and the retarding of ignition. 

It has been suggested that pulverised lignite or brown coal i could be 
advantageously used for the firing of locomotives. 

With this the author is not in agreement. The conditions presented for the 
combustion of such pulverised fuel in locomotive boiler fireboxes are unsatisfactory, 
and this applies also to all boilers of the fire tube, type. 

■ In this conneetkm it is iaterosting to note that (Jcnoral Order No. 107. Boani of Railway Com¬ 
missioners. Camula, dated .Inly Uth, lOlS. iimhibited the use of eertain grades of lignite for the liri.e- 
of loeomotives, owing to the emission of dangerous sparks. 



OHAPTER IV 


PEAT 

Durin(! the jmst few years the increased cost, of coal, and an extreme shortage in 
some European countries, mainly or entirely dependent upon imported coal supplies, 
has had the natural effect of stimulating renewed interest in peat development, both 
for domestic and industrial use. 

Peat consists of the fibres of various mosses and other fibrous and a(juatie plants. 
In some .samples the origin is clearly defined, wliile in other samples, of a very dense 
or earthy nature, it is all btit impossible to detect evidence of plant origin. 

Ekenberg, who has devoted such close study to ])eat problems in Sweden, 
expressed the opinion that to some extent the water in peat is held by a colloidal 
or gelatinous substance, which he termed hydrocellulosc. This substance appears 
to possess the pro])erty of absorbing many times its o^vn weight of water. 

The older and more humified peat bogs appear to contain the highest percentage 
of this gelatinous substance, ft is found to the greatest extent in the deepest layers 
of a bog, decreasing in the upper layers and near the surface. 

It is a common experience to find in peat bogs plant fibres and roots, and in 
some cases remains of cones, fir needles, and trees. 

In its natural state, that is, as it exists in the bog, peat usually contains about 
flO per cent, of water, which percentage is sometimes exceeded, liven in the case 
of the most thoroughly drained bog the water is but rarely less than per cent. 
It may therefore be stated that 100 lbs. of peat as cut from the bog usually contain 
not less than 1(0 lbs. of water -which is most tenaciously hold and only 10 lbs. of 
combustible material. 

In order to render this 10 lbs. of combustible available for use as a comparatively 
<lry fuel, the bulk of the 90 lbs. of moisture content must be removed. The problem 
of its economic removal artificially, or mechanically, has up to the pre.sent proved 
to be exceedingly difficult, if not impossible, and despite the ingenuity and activity 
of many inventors, several of whom have claimed to have solved the problem, it still 
awaits solution. 

The economic drying of peat is a twofold problem, involving not only the 
effective and inexpensive removal of the bulk of the high moi.stiue content, but also 
the use of such means for its removal as may be employed continuously throughout 
the year, regardless of weather or climatic conditions. 

Air drying, by exposiue to sun and wind, while being the simplest and most 
economical process, obviously cannot be a continuous procjess, inasmuch as it is 
necessarily limited to a comparatively short period during tl|j! year. 
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The highest authorities are agree<l that no alternative system of drying lias 
yiA been devised which is economically sound, despite the various claims to the 
I'ontrary. The failure hitherto to considerably reduce the moisture content at an 
cconomio cost, has been, and is, the most serious obstacle to the extended use of 
jieat as fuel. Tn this connection it may be desirable to ipiote the opinions of experts 
who have closely studied the problems involved in peat winning and utilisation. 

Mr B. F. Haanel,^ B.Sc., Chief of the Fuels and Fuel-testing Division, Department 
of Mines, Canada, in the introductory notes to his very useful and comprehensive 
work, “ Peat, Lignite and Coal,” refers thus to artificial drying : - 

“ It is shown that the artificial drying of peat c'annot be accomplished 
economically, and that to attempt to reduce the water content of the raw peat to 
lielow 7(i per cent, by hydraulic pressure will result in commercial failure.” 

Referririg to the drying of ])eat. Professor Pierce F. Purcell, ,\.M.1.C.E., an 
acknowledged authority of wide experience, in a lecture on “ The Peat Resources of 
Ireland,” ^ said ; 

“ Many methods have been tried tor the eliniimition of water from peat, but 
the most suece.s.sful is drying by natural atmo.spheric agencies, wind and sunshim; 
being the chief factors. This method has been practised under one form and another 
since at least the commencement of the Christian (u-a, and Pliny the elder observed 
it whilst engaged in the then army of occupation in Cermany. This makes it all 
the more surprising that notwithstanding the advance in science, and in mechanical 
and industrial operations, the air drying of peat by natural means is the only 
recognised commercially successful method in use to-day.” 

. . . “ When peat as taken from the bog is subjected to high and long-continued 
])ressure, about three-quarters of the contained water is driven off, and the moisture 
content is reducral from !K) per cent, to 70 yier cent., but even in this condition it is 
still useless for fuel purposes. This represents the maximum effects of pressure on raw 
peat, and it is now accepted as a fact that peat cannot lx; jjrepared by pressure alone.” 

. . . “ When, however, we take account of the fact that the eflicieucy of 
the dryer will not average more, than GO per cent., it can be shown that peat with 
.S'b.G per cent, of water has no practical calorific valu<‘, as the lG-5 per cent, of peat 
is required to evaporati; the contained water.” 

A. Ilausdiiig,'* whose contribution to the technology of peat has been so valuable, 
in his well-known standard German work, is no less definite on this (piesfion : 

■■ Artificial drying of ])eat,^ i.c. tin; manufacture of kiln-dried jieat, is not 
economically sound.” 

'■ The only method of drying which has hitherto proved .satisfactory is air drying.” 

‘‘ Dehydration of peat by compression, even when an electrical current 
is employed, is unscientific, and does not lead to the goal desired. By strong com- 

* “ Peat, and (.'iial,’’ by P. F. Hiiauel, B.Sc., 11U4. 

* Fuel Boui'd. Special K(*port, No. 2,11120, “ TIu* Peat Resources of Ireland," by Professtn* 

Pierce F. Purcell, A.M.I.C.K. 

® “ Handbutfli <lor 'rorfe^j lUid Torfeverwertung," Berlin, lt)l7. 

^ " A Handb<K)k on Ihe-rVinning and the rtilisation of Peat," by A. Hausding. Translated from 
the tlunl (icrinaii edition by llngli Ryan, J).Sc., Profes.sor f)f rhernistry, rniversity Ci^Jlcge, Dublin, 
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pressioii, even with a pressure of 400 to 500 atmospheres for several hours, the 
percentage of water in a ])eat (85) could not be lowered below 68.” . i 

The cost of kiln or heat drying, for ^4hich some e.'ctraordinary claims have been 
made from the point of view of efficiency in fuel consumption, obviously is not 
entirely dependent upon the cost of the fuel used to reduce the moisture content 
to a given point. Then; are other very important factors which cannot be ignored, 
stich as the capital cost of the drying j)lant and the cost of handling both the r^w 
and the dried j)eat. 

A further factor of importanc(! is the capacity of the dryer, which must be 
sufficiently large to accommodate a considerable quantity of raw peat, in order to 
obtain a relatively small output of dried peat. 

When it is po.saible to employ waste heat as has been done in connection with 
one or more plants in Italy, the efficiency of the dryer is not so important. AVhen, 
however, biel of any kind has to be used in order to provide the necessary heat, the 
weight of fuel re(iuired and its cost are serious factors. 

As Mr B. F. Haanel says in his work,* which has already been referred to :— 
" Even assuming that dry peat is used for the dryer, for providing the required 
heat, the (smsumption may be so high as to be commercially impossible. For 
instance;, assuming that it is desired to j)roduce 100 lbs. of dry peat from 500 lbs. 
of raw peat containing 80 per cent, of moisture, the consumption of dry peat in the 
dryer would be approximately 67 lbs., so that the net result would be the pro¬ 
duction of 38 lbs. of dry peat from 500 lbs. of 80 per cent, moisture peat, or a 
tiel percentage of 6-66.” 

Owing to its poor heat conductivity it is prssible to char or burn tin; outside 
surfaces of peat in a dryer, while only a comparatively small percentag(; of the 
coidained water is evaporated. The following Table, No. 21,* shows the weight of 
water removed by drying at 10 per cent, stages from one ton of peat, as excavated 
from the bog (90 per cent, water), in drying to 10 per cent, of water. 

TABLE No. 21 


Percentage 
of water in 
the peat. 

Dry |)eat 
contents 
(lbs.). 

Water 

content 

(lbs.). 

Weight of water 
removed 
for each 

10 per cent, 
reduction (ll>s.). 

Weight of 
material 

oldained for eaeli 

10 per cent, 
reduction (H»s.). 

Total 
weight 
of water 
evaporated 
(lbs.). 

90 

200 

1800 

. . 

2000 ’ 


80 

200 

800 

1000 

lOlXl 

1000 

70 

200 

466-7 

333-:i 

666-7 

1333-3 

60 

200 

3(K) 

lG(i-7 

500 

1500 

■50 

200 

200 

100 

400 

1600 

40 

200 

133-3 

66-7 

.333-3 

1666-7 

30 

200 

85-7 

47-6 

258-7 

1714-3 

20 

200 

50 

3.5-7 

2.50 

1750 

10 

200 

22-2 

27-8 

222-2 

1777-8 


' “ Peat, Lignite and (*oal,” by B. F. Haanel, B.Se., 1914. _ ( 

• Bulletin 37fi, “ Peat Deposits of Maine,” by Edson, S. Bastin arf Charles A. Davis. United 
States (ieologicaj Survey, 1909. 
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Air-dried peat has been used in many European countries for domestic purposes 
f(y many centuries past: its use has been mainly limited to the vicinity of bogs. 
The peat, being cut from the bog in bleeks, is par.ially dried on the bog under 
favourable weather conditions, and then stored under cover for use as recpiired. 

For any operations upon a commercial scale the use of peat cutting and 
liandling machinery is essential. Urdess labour-.saving (hivices are employed, 
it may be said to be commercially impossible to oit and handle jieat cxc<‘pting 
U])on a very limited scali!. 

Regarding peat as a low grade fuel, which must he sold at considerably below 



Fjc. 17.—.tiijoKN .\m)KKSsi>n’s I’n.vi- IlKKrinisii Maciiisk, 

tli(! cost of coal—if it is to displaca; or rembu’ the \isc of coal unnecessary it will 
be obvious that labour-saving apparatus must b(^ employed so far as is practiirable, 
both in the winning and |)re[)aration of peat, in order to reduce the cost of production 
to th(! minimum. 

In the early attempts to reduce the cost of labour, while hand digging was 
retained tln^ j)eat as cut was shovelletl into a mechanical elevator and conveyed to 
the hopper of the pulping mill, as illustrated in Fig. 18. .\lthough the cost of labour 
was to some extent reduced, this method of feeding the elevator was found to be 
too cx[)ensive, and while it is still employed in some European countries, on some 
of the more important deposits it has been superseded by the dredger excavator, 
of a somewhat similar type to that used in (Sermany for the, excavation of 
brown coal. 
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In Fig. 17 is shown a cornblned ])eat dredger excavator as used in conjunction 
witli macerating and spreading jrlant, designed by the well-known peat machinery 
manufacturers, Aktiebolaget Ahjorn xVndersson, of 8vedala, Sweden. The machme 
is shown in operation on a Swedish bog. 

Both in Sweden and in Ciern>auy, as also in Canada, considerable attention 
has been devoted to the design of a])paratus, not only for the (!cononii<‘ winning 
of peat, but also for reducing the cost of labour in s])reading after jmljmig. 

Some fifty years since it was recognised that by macerating or pul])ing and 
mixing the peat it was possible to produce a much more homogeneous, dense 
and tough fuel. For this ])urpose many macliines have been devi.sed, but the type 



Frc. is. —An.MHiN Anukusson s Mkchank al I*i:.\t KucvATnit (H/WD Fki»). 

of macltine which is probably most e.xtimsively useil is a pulping mill fed through 
a hop])er, beneath which circular knives rotate against knives in fixed positions, 
and a S)>iral or sitrew conveyor which fori-es the ])eat forward to the outlet. 

The whole of tiie working parts are enclosed in a heavy cast-iron casing. Thu 
jndping mill is j)ower driven and very thoroughly pulps and mixes the jjeat. 
Small roots and fibrous materi.il arc broken down or cut small and mi.xed with 
the pul|)ed jaait. 

The well-known Anrep macerator, as mad(‘ by Aktiebolaget .Abjhrn Andersson. 
of Svedala, is illustrated in Figs. 19 and ‘2(t. 

When the pulped peat is forced through the discharging mouth of the mill 
it is cut off in convenient lengths, usually on boards, and is then ready for trans¬ 
portation, .spreading and air-<lrying. 

At this stage the use of inexpensive and ex(»edftious n^'ans for hanrlling and 
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transportation is of much importance. For this purpose small tipping trucks on 
a portable track have been used, as also the telpher system. , 

For the spreading of the peat on th® drying ground the Jakobson field pre.ss 
has been much used. This apparatus comprises a framework of wood, carrying 
two rollers, one at each end. In the centre, and between the two rollers, a 
hopj)er or container is provided for carrying the pulped peat. The roller at the 
front of the press is used for levelling the ground, while the rear roller, which 
tnay be adjusted vertically, is used to r<!gulate the thickness of the pcflt 
discharged. As the peat leaves the pnss -at the rear roller it is cut into long 
.strips by means of a series of fixed knives : these long .strips are subsequently 
cross cut by hand labour. 

Among the most ingenious peat spreading machines devi.sed is that designed 
l>y Mr Ernest V. Moore, and which has given much satisfaction in Canada. This 




Fk;. 20.— Asukf's Flat Macehatok. 

sjtreader, wliich embodies some novel features, was designed for carrying on a s])ocial 
tyi)e of cat(rpillar tractor electrically driven by a trolley system, at the rate of 
about 7 ft. per minute. 

F'rom the peat container on the .s[)reader the j)eat is evenly distributed 
by mi'ans of a screw conveyor, being disehargeil from the container at ground level 
through a series of parallel spouts, each spout or outhit being provided with a 
separate screw feed. By means of a controlling device the peat may be discharged 
within considerable limits at any speed desired. 

Unlike the Jakobson field press, the Moore sjjreader automatically cross-cuts 
the peat, thus eliminating subse<juent labour in cutting. In Fig. 21 is shown a 
conveyor (Personn’s patent), manufactured by Aktiebolaget Abjiirn Anderson, of 
Svedala. The macerated peat upon leaving the machine is delivered on to boards 
or pallets which arc carried on a roller table, which is provided with an automatic 
cutting device. A section of this table is so supported that when engaged by a 
loaded board it is automatically lowered, the board with itsioontents being trans¬ 
ferred to the endless wire rope conveyor and carried across ^he drying field. 
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The cables are supported at a convenient heigfit on light angle iron trestles 
Ijgving rollers to carry the cables. The trestles are usually placed from 10 to 12 
yards apart, and are provided with meta! sledge bases for easy transportation. The 
driving mechanism for the conveyor is mounted on the machine truck carrying 
the macerator and engine or motor. 

This very simple and inexpensive type of conveyor may bo satisfactorily 
operated in any length up to 200 yards. The boards carrying the peat hav(! to 
be tipj)ed by hand, but when placed on the return conveyor are carried back on the 
machine and automatically removed. 

It has been estimated that the total annual consumption of peat in European 
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countries is from l.o to 20 million tons per annum. The ])eat deposits of the world, 
in so far as they have beim estimated and surveyed, are as follows : -- 


(‘tMinlry. 

(ireat Britain 

Ireland ' 

United Stales 

Canada 

Sweden 

Norway 

Denmark 

(lermany 

Austria 

Russia 

Finland 


Area in s(|. mill's. 
•», 10 () 
1,700 
. 11,2(M) 

. :i7,000 

. I9,2(H» 

2,!)(M) 

100 
. <.),900 

1 ,.700 
. (ir),oo(» 

. 38,000 


‘ Kstiiiiatcd quantity =5,IKK),(KIO,(1(10 tuns. 

* United Htatoi t logical Survey, l',>l8-20. Uulinilateil ujion an aiv-ilrieil basis, almost 
14 billion tons. 
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Great Probably the most important of tlie peat deposits in England 

which is still being a<dively developed is that owmsl by the Eclipse Peat Company' 
at Ashcott, Somerset, in the historic Ulastonbury district. 

By the courtesy of Mr P. .1, Slee, one of tlie proprietors, the author is able to 
include the illustrations, Figs. 22 to 28, showing in the various stages the winning 
and air-drying of ])eat at this works. Eclipse peat for domestic fuel purposes 
is all obtaiue<l at a tninimum depth of alanit (i ft., a typical .analysis being 
as follows: 


Ash . 

Sulphur 

Phosphorus 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

'I’ar . 


very .slight trace 
none 

.'jli'O i)er cent. 
.'i-S 

27-1 .. 

M .. 

Kit) ., 


Some recent examples have shown an ash content of rather less than 2 per eeiit. 
For several years ])a.st mucli ex|)(aimental work has been dorn^ in distillation and 

bve-j)roduct recovery, as also in mechanical 
delivdration. So succe.ssfnl have these experi- 
ments in dehydration b(‘en that the Company 
now contem|>late installing a larger ])laiit for 
t this purpost. 

— In the production of alcolu)! fnnu peat 

very encouraging results have been obtained. 
One ton of raw peat, having a moisture 
content of from St) to !)t) per cent., yielded 
I I I m i l ' gallons of high grades alcohol suitable for 

internal combustion engines. 'I'he peat used 
V was a light iibrous peat from the to]) layers 

of the bog. 

!reland. \i has been estimated that peat 
Fiii. i-X. Aik- 1.)iiKn Asiai.rr I’Kcr. is used for domestic purposes in Ireland by 

about J| million people, and that the annual 
con.sum])tiou is ap|)roximately 7 million tons. Comjiaratively little peiit is used 
for industrial jmrjaises, but the following two cases are interesting examiiles ; 




Aik-iu{«p:d Ashcgtt Pkvt. 


At the Marconi Conijiany’s Wireless .Statioti at Clifden, from .'iOOO to (iOttO tons 
jier annum of air-dried peat is used for steam generation. At Mr lliimilton Robb’s 
Linen Factory, Portadown, peat is used in two Crossley | roducers, each 200 
su|)plying three Stockport gas engines, two being rated at 120 B.H.P. each, and 
one at l.oO B.H.P. The usual output is said to be about 2.'50 B.H.P. Under test 
the consumption is reported to have been from 2-5 to 3-16|lbs. of 2.0 per cent, 
moisture peat per B.H.P. hour. The latter is ecpiivalent to 4*24 lbs. per kw. hour, 
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Fui. 27 . 28 . 

Thk WiNNiNfi .\si> Arii-i)ij‘v.\i DF Fi;. 4 " at thk Wokks of 'I’liK luT.iFsn Peat (Aimi’Anv, Asuotn'T, Somekset. 
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and assuming a value of lOs* peT ton for the peat, would represent a cost of -22 
pence per kw. hour. , 

Tn addition to the j)eat used in the ; reducers, some 2500 tons per" annum is 
used for the firing of steam boilers, to provide steam for heating purposes, etc. By 
the courtesy of Messrs Crossley Bros., Ltd., the author has been enabled to reproduce 
an illustration of the jnoducers at Mr Hamilton Robb’s Factory (see Fig. 29). 

Durijig the past few years much attention has been directisl to the developmcmt 
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of the peat resources of Ireland, and much valuable information, as also definite 
recommendations, will la; found in an e-vcellent brochure, issued by H.M. Fuel 
Re.search Board (Department of Scientific and Industrial Resfiarch) in 1921, 
entitled “ The Winning, Preparation, and I’se of P(!at in Ireland ; Reports and 
other Documents.” 

According to this Report (p. 75), a Dolberg peat macerating machine and also 
an Abjorn Anderson peat machine with accessories have been installed at Turraun, 
and 100 tons of air-dried peat were sent to H.M. File! Research Station at East 
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Greenwich, “ for experimental work on its use, directly as a fuel, and indirectly 
at! a source of gas, oils atid char.” 

In Technical Paper No. 4^ of H.M. Kucl Research Board, l‘.)21, very fomplete 
and interesting details arc given of carbonisation tests of macerated Irish jieat 
from Turraun. 

The jicat as received at the Fuel Research Station at East Greenwich was in 
the form of " hard blocks about 10 in. long, with a cross section of about 2 in. 
square. Their density was rather under 1, or about twice that of the ordinary 
hand-cut sods made on the bog. These! blocks could bt! .sawn and cut like hard 
wood, and had stood transport with very little breaking up into “ smalls,” thereby 
contrasting very favourably with ordinary hand-cut sods, which break flown 
seriously in transport by road or tail. 

“ On arrival the water content of the blocks was about 2.o per cent., but by 
the date of the experiments described this had been leducfid on storage undei’ 
cover to 17 per cent.” 

Commenting upon the experiments, it is stated in the Report: 

“ Not only do these peat blocks lend themselves admirably after suitable 
treatment to carbonisation in vertical retorts at temperatures between ToO" V. 
and ISo()° C., but also in steel retorts at o.oO® C. and (iOO” C., and the nisultant 
chaicoal is an ideal fuel for suction gas producers.” 

('arKida. With the same thoroughness whicli has charactei iscd the investigation 
of fuel problems generally, the Canadian Government Department of Mines have 
closely studied peat and its development. In his work,‘^ which has already been 
referred to, Mr B. F. Ilaanel, B.Sc., (diief of Fuels and Fuel Testing Division, 
Department of Mines, Ottawa, refers to the system of ])eat transportation and 
spreading designed by Mr Ernest V. .Moore, and in operation at .\liied Peat B)g, 
Ontario, and also under the heading of “ Canadian Practice.” pages 20 to 30, 
describes the work done on a commercial scale at the Farnham, Quebec, and Alfred. 
Ontario, bogs. 

Commenting upon tlu! operations thro!ighout two seasons. .Mr Ilaanel says : - 

“ During two seasons the Mines Branch manufactured about 3000 .short tons 
of 2.") per cent. moi.sttire air-dried machine p(*at fuel. The method employed was 
that invented by Anrep, the system which is so extensively used in Rus.sia and 
•Sweden. The plant was not efpiipped with a mechanical excavator, and its capacity 
was snmll only about 30 tons per day hence the overhead charges, amortisation, 
interest on investment, etc., were high. The impiov'ed ‘ Anrep ’ system as employed 
at this plant is described elsewhere; it is only necessary, therefore, to add a few 
remarks regarding the cost of manufacture. 

” The result of two seasons’ manufacturing operations at Alfred, under un¬ 
favourable conditions, indicate that with efficicint management peat fuel can be 
manufactured at a cost of ,|1’7.’) on the field. This cost includes all expenses, such 

' Technical Paper N<i. 4, H.M. Fuel Research Board (J)epartinent of Scientific and Induetrial 
Research), 1921, “ The ()i rhonisatipn of Peat in t'ertical Retorts." 

* “ Peat, Lignite, and Coal,” by B. F, Haanel, B.Sc., Department of Mines, Ottawa, 1914. 
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‘ . . . * 
as interest on investment, amortisation, repairs, etc. It is, moreover, the opinion 

of the Swedish peat engineer, who conducted the last seasons’ operations, that U 

|)eriod of 110 working days can be counted upon as a fair peiiod during whicli 

manufacturing operations may be conducted. The total production during this 

time would be 3300 short tons, and this output will be used as a basis in calculating 

the cost per ton.” 

In “ Peat as a Source of Fuel,” ‘ Mr Eugene llaanel, Director of the Canadian 
(lovernment Mines Branch, Ottawa, gives very concise details of the peat resources 
of Canada, from which it would apj)ear that the total area of the Dominion overlain 
by peat bogs is estimated to be 37,(MI0 s(piare miles. 

In this address to the ('ommission of Conservation, .Mr llaanel thus referred to 
the utilisation of peat; — 

” The e.vtensive and varied tii'ld for the utilisation of peat must be ap 2 )arent 
to all who have clo.sely .studied this (jiiestion, and the urgimt need for an intensive 
development of the Canadian jicat r<!Sources should be brought forcibly before men 
actively engaged in the building u{) of the great commercial enteiprises and industries 
of this country.” 

United iSteto. - Notwithstanding the abundant coal resources of the United 
States, a comprehensive investigation of the peat resources was carried out in 
1918-20 by the United States Geological Survey. Although a considerable 
amount of experimental work has been done, there has been no incentive or 
necessity to develop the peat resources. Within the jrast few years exjierinients 
have been made at Minnca 2 )olis, Minn., with 2 )ulverised {)eat for the firing of steam 
boilers, but no data is yet available. 

Russia .—Some years since the annual output of peat in Kussia was in e.xcess 
of that of any other country in the world. The last available figures, for the year 
1914, .showed a very considerable reduction, the output being about 2i- million 
tons only. 

Bogerodzk Power Station, some 43 miles from Moscow, having a plant cajracity 
of lo,000 kw. (3-5000 kw. Zoelly Turbines), sujjplied with steam from air-dried 
l)eat burned under water tube boilers -whicli Power Station was put info ojieration 
in 1914 --was the large.st generating station in the world operated on peat. The 
power was supplied to local indirstrial works, surjilus power being transmitted to 
Moscow. 

Germany. -While there would apjiear to have been a decline in recent years, 
the use of peat has been considerably developed in Germany. The luost important 
power plant using peat for steam generation is at Weisrnoor Ostfriesland. 

The-original installation “ comprised a steam plant of 200 H.P. only, which 
was used for the cultivation of the bog, ditching, stripping, and ploughing. The 
utilisation of peat for power production was apparently not originally intended. 

In 1908 it was decided to considerably e.xtend the power plant. The jilant 

‘ ** Peat as a Source of Fuel,*’ by Kugene Ifaanel, I)irot;tnr, Minos Branch, Ottawa. Kciirinted 
from liio Ninth Annual Report of the ('ommission of Conservation, Canada, 1018. 

* “ Das Kraftwerk im Weisrnoor Ostfrieslaiwl,” by J. Teichmiillcr, Karlsruhe, Germany. 
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then instalfed comprised four water tube boilers each ilavini; 3228 sq. ft. of lieating 
.siyface, superheaters each having 1076 sq. ft. of heating surface, and grates of 86 
.sr[. ft. each ; the steam pressure was j7() lbs. The generating plant provided 
comprised three Turbo sets, each of 1250 kw. capacity. As the result of c.xhaust ive 
experiments in the burning of peat the furnaces were altered, step grate furnaces 
inclined at 36° to the horizontal were installed, and the grates were also divided to 
permit of alternate feeding. 

An evaporative test carried out in 1910 showed an overall thermal efficiency 
of 73'5 per cent., and an evaporation of 3'01 kg. per kg. of peat, burned (5-1 lbs. 
jrer lb.). The moLsture content of the jreat as fired was not stated. 

The present capacity of the Weismoor (fenerating Station is about 18,000 kw. 
'fhe annual consumption of peat is approximately 60,000 tons. Eight boilers are fired 
with peat and four boilers arc fired with coal, the annual coal consumption being 
about 30,000 tons. 

Considerable quantities of ])eat have Ireen used in (ilermany for steam generation 
and for other industrial purposes. In order to use tlui preat to the best advantage, 
much experimental work has been done with a view to designing grates and furnaces 
suitable for various grades of peat. 

The most efficient furnaces evolved for steam boihus would ajrpear to be those 
of the step grate typre, the grate usually being inclined at about 36° to the horizontal, 
and so arrangcal that two or more furnaces may lie fi.xed prarallel, these being fed 
alternately from hoppers fixed above. 

Anotluu- typre of furnace to which Ifausding refei-s as having given good results 
is similar to a typre which has been extensively used in Creat Jlritain for the prast 
tw(!nty-livc years for the burning of towns’ refuse, this being a furnace having two 
or jiiore sepraratc a.shp)its with a continuous grate and common furnace chamber. 

(hmerally it would up)pK'ar that ordinary fiat grates are useless, and that, having 
in mind the various grades of pn^at used and their variation in density, it is neces.sary 
to devote close attention to the requirements of p)articulur grades of peat, both in 
regard to the mo.st suitable grate area and furnace dimensions. 

The various p)cat furnaces which are used in Uermany for steam generation 
and for otluu' indisstrial pnirproses are fully discus.sed in a very useful work by 
Francis llauls.^ 

Itahjr For some few years p)ast a large, peat puoducer plant has been in operation 
at Orentano, TiLscany. This pfiant has an annual consump)tion of about 3((,00() 
metric tons, and is operated by L’Utillizziazione dei Combustibile Italiani 
E. L’fmpianto de Orentano. The peat, which has an initial moisture content of 
about 77 p)cr cent., is dried down to about 30 p)er cent, moisture, and is gasified in 
Mond producers. 

Sweden. In Sweden preat has been regarded as an imp)ortant fuel, and much 
research and experimental work has been done with a view to its efficient utilisation 
for .steam generation, etc. 

Peat development has for many years prast Ixum subsidised by the Swedish 
‘ “ Handbuch dcr Trocken and Brcnii-ofon,” by Francis Rauls, Cologne, 1915. 
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Government. Facilities have also been provided for the training of peat engineers. 
The reputation of Swedish trained peat engineers is such that for all important 
development work their services are regarded as essential. 

In Ihir) the Swedish Boiler Control carried out an e.xtensive series oi 
evaporative tests for a Koyal Commission at the Electricity Works of lloganat 
Billcsholms-A.B. with Pluto mechanical stokers, fired with peat. These mechanical 
stokers are described and illustrated elsewhere. 

These tests were made with a water tube boiler having 208 s(]. metres of heatinj; 
surface, and a superheater having s([. metres of heating surface. The Plutc 
mechanical stoker had a total grate area of U)-2 s(j. metres, the effective grate area 
being 8-7 sq. metres, and was originally installed for burning coal. 

The peat used was machine peat from the Emmaljounga moor, and was dugir 
J!)I5. Before firing it was broken up into 3-in. cnbc^s, the analysis being as follows 


Volatile matter 
Ash 

.Moisture 

Lower heating value 


^-52-3 per cent. 
= 3-7 „ 

=24 •« „ 

--3()00 calories. 


The primary purpose of the te.sts was to determine (a) the ellicicncy of th< 
ignition, (6) the boiler evaporation, and (c) the thermal efficiency of the boiler anc 
superheater. 

During the first test, although the grate was working at its highest speed this wai 
found to be insufficient, and it was impossible to feed a sufficient (juantity of peat 
It was, however, showm that the peat was quickly ignited and the rate of combustioi 
was high. The evaporation was at the rate of l()-2 kg. per s(p metre of heating 
surface per hour. 

For the second test the speed of the stoker Avas increased, with a jiroportionati 
increase in the rate of evaporation, which was 23'5 kg. per sq. metre of heatin; 
surface, or 174 kg. per sq. metre of grate area. The average CO^ content of thi 
gases was L'i-S per cent., and the thermal efficiency 70-2 per cent. 

With a view to determining if the evaporative output could be further increasec 
a third test was made, with a higher grate speed and a constant fire thickness o 
310 mm., with the result that the rate of combustion was increased to 211 kg. per 
s(i. metre of grate surface per hour, the GO 2 content in the gases being, lfi-2 per cent, 
and the thermal efficiency 70 per cent. 

Throughout the tests the thermal efficiency varied from 70 per cent, to 73-4 
per cent., with a high percentage of COj in the gases. The performance of the Pluto 
stoker .is particularly noteworthy having in mind that the same arrangement of 
stoker and brickwork was suitable for burning coal, the only alteration made being 
in the speed of the grate movement. 

As already observed, the future development of peat on any extensive scale 
will depend mainly upon the provision of economic means for the reduction of the 
moisture content. In a reasonably dry condition it is a valuable fuel, the main 
disadvantage of which is its bulk. 



PEAT 


81 


In till! past, whenover the cost of coal lias been considerably increased, and also 
as the result of periodical extrenie shortage, there has been a spasmodic revival of 
interest in the development and use of jieat. There are, however, signs that the 
present revival of interest in peat jiroduction will be of a mticli more permanent 
nature, and that in some of the coalless countries, where jieat is available, this fuel 
will be iised to a greater extent than hitherto. 

An extended period of coal shortage and high juices has had the effect of 
stimulating activity in the development of such natural fuels as are available in 
some countries, just in the same way that in many other countries a great iiiijictus 
has been given to the development of hydro-electric jiowcr. 



CHAPTER V 


COKE BREEZE 

Coke breeze or screenings from the large coke, when withdrawn from retorts or coke 
ovens, is now very extensively used for steam generation, and also for other purposes. 

Until within recent yeai-s it has been generally classified as a low grade or waste 
fuel, and of but doubtful value, but as the result of its very extensive and successful 
use for steam generation in gas-works, it was gradually adopted in industrial works 
for the same purpose, where the conditions were suitable, with ecpially satisfactory 
results. Twenty years ago large quantities of surplus coke breeze were constantly 
available at gas-works in all parts of Great Britain, the price varying from Is. to 
.'is. per ton, whereas at the present time the demand is so considerable that the price 
at some works appro-ximates to that of slack coal of average <juality, and generally 
.speaking all breeze made is readily sold. 

As the result of screening and grading coke breeze for sale for particular purposes, 
to a large extent that which was known as rough or unscreened breeze, varying in 
.size from IJ-in. cube to dust, is no longer obtainabk , .'feciei 

Rough coke breeze was an excellent fuel for stes'. ^jj^rtion, its calorific \ aluc 
and ash content being often equivalent to that of a'?,(... .nous slack sold at from 
two to three times its cost per ton. 

The screening and sizing or grading of coke breeze is now comn\on [iracficc. 
rvith the result that the term coke breeze is very indefinite In the case of the 
smaller gas-works, where little or no screening is done, it may mean loiigh or 
unscreened breeze ; in other works it may mean fuel which has passed a jj-inch or 
|-in. me.sh screen, containing a very considerable proportion of dust. 

Not only does coke breeze vary considerably in size, but its composition v.iiieH 
widely according to the quality of the coal carbonised and the type of carbonising 
plant used, as will be ob.seived from the following analyses in Table No. 22. 

TABLE No. 22 


Proximate Anali/ses of Vol-e Breeze 


Oaa Works. 
District. 


Fixer! 

carlion. 

Volalilt^ 

matter. 

Ash. 

Moisture. 

value 

H.T.l'.V. 

Nottingham 


(i.3-2;i 

4-.')!) 

14-17 

18-10 

!»,200 

Northumberland . 


04-04 

5-04 

17-81 

13-11 

9,8!»8 

Sussex 


.')6-l7 

4-05 

23-05 

15-33 

H,884 

Cheshire 


fib-97 

11-41 

17-87 

3-75 

11.305 

Scotland 


58-3() 

3-02 

15-23 

22-79 

8,011 

South Wales 

82 


69-77 

7-45 

20-00 

2-72 

11,297 
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TABLE No. 22 —continued 


Cok«‘ Ovens, 

District. 

Fixed 

eirbon. 

Volatile 

matter. 

Ash. 

Moisture. 

C Jorilic 
value 
B.T.r.'s. 

Derbyshire . 

48-96 

4-28 

15-28 

11-48 

10,177 

South Wales 

63-29 

0-79 

16-10 

14-82 

9,529 

North Staffordshire 

61 -61 

9-42 

15-61 

10-.30 

10,119 

South Yorkshire . 

6.5-73 

7-85 

15-01 

10-81 

10,260 

West Yorkshire . 

76-90 

2-99 

18-62 

1 -49 

11,191 

Recent analyses of gas- 

works coke breeze from Donca,ster, Gosport, and Swansea 

gave the following results : 







Doncaster. 

(rOSJMTt. Siiwisea. 

l)at<5 of Analysis. 

.July 1922. 

(Nitohcr 1022. June I02J. 


Ah 

.\s 

Ah 

As As 

As 


rccfuvcd. 

dried. 

m-eived. 

dried. received 

dritsl. 

Volatile matter 

6-34 

6-52 

7*01 

I'T^ 

10-96 

Coke . . . . 

90-85 

93-48 

.s:v7‘J 

02-28 72-0:3 

89-04 

A.sh . . . . 

15-86 

16-32 

24-74 

27-25 17-77 

21-78 

Fi.xed carbon . 

71-99 

77-16 

59-05 

()5-03 .54-86 

67-26 

Free moisture . 



6-3(i 

15-21 


Hygroscopic moi.stiire 

2-81 


2-84 

3-22 


Calorific value B.T.U.’s 

12,102 

12,765 

9572 

10.905 9-203 

1!,6;10 

Carbon e<iuival(!nt B.T.lk’s 
Evaporative power (lbs. of 


12,175 


10,.585 

11,381 

water per lb. of fuel from 
and at 212° F.) 

12-.53 

13-21 

9-91 

11-28 9-52 

12-04 

As a general rule the < 

alorific value of coke breeze varies from 8500 

to 10,500 

B.T.U.’s per lb., the ash and moisture 

content usually varying from 10 

per cent. 


to 1.5 per cent. 

Owine to the inetliod adopted of (juencliino tfie hot coke as withdrawn from 
tfio rctort.s, coke breeze like coke alworbs a consicferable cpiantity of moisture, 
which a.s the re.sult of the; ])hysical struedure of the fuel is mechanically held. The 
percentage of moisture tlius held is one of tins most serious objections to the use 
of coke breeze as a fuel, and it is very desirable that improved methods of ipienchino 
or coolino .should be introduced. Many steam users stronjily object to the pur¬ 
chase of from 180 to 336 lbs. of water with every ton of coke breeze; actually 
this has to be paid lor twice, because not only does it represent a definite! loss of 
weight in fuel with eveiy ton purchased, but extra fuel has to be burned to drive 
off the moi.stiire. 

When used for the firing of steam boilew small coke breeze makes a (!lose 
lying and compact fire, the bed of fuel presenting considerable resistance to the 
How of air, which preferably should be utiiformly distributed at a pressure of from 
I in. to I in. W.G. 
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The author is well aware that pressures in excess of this an? now much advocated, 
and that rates of combustion of from .‘50 to dO lbs. of fuel per s(]. foot of grate per 
hour are claimed, but while such results arc practicable, they involve the carrying 
forward of excessive (piantitics of dust and partially consumed fuel into the flues. 

Tl\c best authorities are agre(>d that a rate of combustion of 2.“) lbs. per sip ft. of 
grate p(?r hour, which has beim conclusively established as the most eflicient rate of 
combustion for coal, should be the maximum rate of combustion for coke breeze. 

Tf this average rate of combustion, which may be termed the permissible rate, 
is exceeded, trouble is inv.iriably experienced as the result of “ lifting,” and carrying 
over, of e.xcessive quantities of unburut and partially burnt fuel and dust into 
the flues, causing rapid choking, reduited heating surface, restricted areas, and 
back draught, with a conse<iU(?ut decreasing efficiency. Further, it has bi'cn found 
that slow combustion sometimes proceeds in the flame bed of the boiler foi' many 
weeks, involving a serious risk of overheating and bulging or distortion of the boiler 
shell plates, while also pi'esenting very dangerous conditions for flue cleaning. 

High rates of combustion have been and still are eiiqdoyed, in order to show 
that with a particidar tyjie of furnaci; an internally tired boiler with a limited 
grate area will give, with coke breeze a rated evaporation equivalent to that 
obtainable with the V.est steam coal. 

In seeking to prove this there is no regard whatever for tin? lelative thermal 
efficiencies obtained, which under such conditions with coke breeze may be as low 
as from -')5 per cent, to tit) per cent., as against bo to 70 ]H'r cent, obtained at the 
most efficient rate of combustion. 

Keferring to the titilisation of coke breeze tor the generation of steam, in a 
paper' entitled “The Production of 8team from l ow tirade Fuel,” Mr P. Parrish, 
A.l.t'., expressed the following opinion : • 

“ .V fanica.shire boilei- which is capable of evaporating say (iOO gallons of water 
per hour with bi'.st steam coal is incapable of being worked with coke breeze at a 
ma.ximum thermal efficiency above a jnoiluctive ca])acity of 100 gallons per hour.” 

As the result of exhaustive experiments with coke breeze for the generation ol 
steam Mr Parrish was able to show that the most eflicient grate area tor a Tiancashiie 
boiler H ft. in diameter was 20 sip ft., whereas the standard grate area usually pro¬ 
vided and strongly advocated would be 38 sip ft., f.c. fl ft. > 3 ft. 2 in. x2 It. 
Further, that the thickness of the fires should lie from (> in. to 8 in. Thinner fires 
are unsuitable owing to the tendency to develop “ blow holes.” 

The grate area arid the thickne.ss of the fuel Ired are both points of considerable 
importance in the eflicient condnistion of coke breeze. Although there has been 
a tendency to rei’ommend a fire thickness of fiom I ft. fi in. to 2 ft., those who 
have had experience in the burning of close-lying finals, often having a high ash 
and moisture content, will be well aware that the conditions presented for com¬ 
bustion, and the effective cleaning of the fire, cannot be regarded as satisf ictory. 

Mr Parrish found that liy reducing the length of the grate to the extent of 

‘ “ Till? ProdmUion of .Steam from l.ow tirade Ku 1," t»y f*. Parrish, A.I.C., Jonnril of Ihe Socicly 
fif Chtittinil fnth'sinj, •Tiily -il. HH!L 
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about 20 per cont., that th(‘ temperature of the exit gales was reduced from 310° (1. 
to 240 ’ 0., that a lesser i(uantity of fuel was consumed, that the capacity or 
evaporative output of the boiler was unimj)aired, and that the chimney draught 
was not adversely affected. 

The following results with coke breeze were obtained ovci' a period of l.hree 
months at Phoenix Wharf, Jjondon, and are included in thfc valuable paper by 
Mr Parrish, which has already been referred to : • 


TABLE No. 23 

Coke breeze burned . . . 112-3 tons 


Antih/sit 

Moi.sture .... 

Ash ..... 
Carbon (by diffeieiua!) . 

Calorific value (calculated) 

Volume of softened water 
Less wat(!r blown down . 

Volume of water evaporated . 
Volume, of water evaporated per lb. 

of fuel .... 
Temperatuie of feed watei' 

Average steam piessure . 

Thermal efficiency 


]0'3() per cent. 

29-31 

()0-3!) „ 

H800 B.T.Ll.'s. per lb. 
= 180,010 gals. 
-17,030 ,. 

102,080 ., 


■“)•() lbs. 

55-5“C. = 130°F. 
00 lbs. absolute. 
,01 '.O ])er cent. 


fjoss due to unburnl cIMrr 


Ash in fuel ..... 
Tnie ash in dry i linker . 

Clinker per lb. of fuel 
Carbon in dry clinker 
Loss of carbon in 0-33r)lb. clinker 
fjoss of carbon based on O’OOSO lb. 
carbon . . . . . 


-20-3] jKM' cent. 
=87'50 
--0-33') lb. 

I2'.0 per c(mt. 
0-010 lb. 

20-1 per cent. 


The boiler used for this test was of the. Lancashire l^^re, 27 ft. longxS ft. in 
diameter. The average rate of combustion would appear to have been about 
30 lbs. ])er sq. ft. of grate ])er hour. 

While the evaporative results as given above over a period of three months 
with a dirty fuel are exceedingly good, the following average re.sults of 031 fiteam 
trials of coke breeze by Mr T. W. Andrews present in vcjy comjract fmin conclusive 
and valuable evidence as to the fuel value of coke breeze. 

fr. comparing the fuel efficiency with that shown in the above iigures it is 
interesting to note not only the average calorific value of the coke breeze as fired, 
but also the comparative rates of combustion, the rate of (!Vaj)oration and thermal 
efficiency being practically the same in each case. 
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The grate area, which' given as 44-2 sq. ft., indicates that grates 7 ft. long 
were used. This length of grate is excessive for hand firing, and is very difficult 
to keep evenly covered. The only apparent advantage realised is in reducing the 
rate of combustion. The average rate of evaporation shown agrees substantially 
with the conclusions of Mr Parrish, and is considerably below the rated evaporation 
of a Lancashire boilci* of the size in question. Average residt of 031 steam trials.' 


TABLE No. 24 


Paiiiculars of BoUers — 

Type. 

Size ..... 
Heating surface 

Grate area .... 
Draught .... 

Conditions of Evaporation - 
Temperature of feed 
Steam pressure (absolute) 

Heat supplied to each lb. of w'atcr 
Factor tor equivalent evaporation 


; . Lancasliire. 

. 28 ft. long X 8 ft. diameter. 

. 1,180 sq. ft. 

. 44-2 „ 

. Forced. 

. 02° Fahr. 

. 01-5 lbs. 

. 1,140-8 B.T.U. 

. MO 


Quaniiti/ of Fuel Burned — 

Total weight in lbs. .... 0,750 lbs. 

Weight per hour in lbs. .... 844 „ 

Weight burned per sq. ft. of grate per hour . 10-1 „ 

(■alorific value per lb. as fired . . . 0,050 B.T.U. 


Quantity of Water Evajicrated {actual )— 

Total quantity evaporated in lbs. . . 34,814 lbs. 

Quantity evaporated per hour in lbs. . 4,352 ,, 

Quantity evaporated per sep ft. of heating 
surface per hour in lbs. . . . 3-00 „ 

Quantity evaporated per lb. of fuel as fired 
in lbs..5-15 „ 


Equivalent Quantity of Water Evaporated — 
Total equivalent evaporation from and at 

212° F. in lbs. 

Total equivalent evaporation per hour in lbs. 
Total equivalent evaporation per sq. ft. of 
heating surface per hour in lbs. 

Total equivalent evaporation per lb. of fuel 
as fired in lbs. ..... 
Thermal efficiency. 


41,428 ll;s. 
5,178 „ 

4-31) „ 


(i-12 




(il*3 per cent. 


' “Fuel Economy on (Sas Works lioilers,” hy Mr 'V. W. Andrews, Sfiuth Metropolitan Gas 
Company. Paper read before London and Southern District Junior Gas Association, Dec. 15th, 1922. 








COKE BREEZE 8T 

Although under certain favourable conditions, Snd with a greatly reduced 
evaporative output, it is possible to use coke breeze for steam generation under 
natural or chimney draught alone, for its efficient utilisation the use of artificial 
draught is essential. 

For the past thirty years band fired furnaces of the steam jet blower type have 
Ireen e.xtensively used for the burning of coke breeze, it may in fact be said that 
upwards of ho per cent of the breeze furnaces now in use are of this type. 

Wliile many fuels can be more efficiently burned with fan forced draught, i.e. a 
dry air supply, there can be no doubt that the most efficient results are obtained from 
coke breeze wbeti using an air supply carrying moisture ; it is for this reason that 
•steajii j<‘t blower furnaces are almost universally used for the burning of coke breeze. 

For an installation comprising more than one boiler in constant use, there is 
no doubt that in the actual consumption of steam for the delivery of the air supply, 
fan forced draught is the more economical. There are, however, other considerations, 
such as sijuplieity, reliability, maintenance cost, and capital cost, all of which 
are in favour of the steam jet blower furnace. Further, with this typt; of furnace 
two outstanding advantages are, secured as the result of using a moist air supply: -- 

{a) The clinker does not adhere to the grate, and may be removed with much 
less effort, and 

{h) The grates have a much longer life than is the; case when dry air is 
employ(!d.- 

The essentials of an efficient hand fired breeze furnace may be Iriefly stated 
as follows : 

(1) The grate should be so designed, the air spacing so arranged, and the air 

supply so delivercfl. that the undergrate air pressure is e(jually distributed. 

(2) The grate should preferably be suitable for use under ordinary chimney 

draught conditions, in order to meet light load recpiirements when desired 
without damage. 

(d) The ashpit should be clear and unobstructed so as not only to be suitable 
for working under chimney draught, but also to avoid possible trouble 
due to condensation, corrosion, and wastage of the plates. 

(t) 'I'he steam jet blowers should be designed to give a definite air delivery 
under given conditions. 

(d) Steam jet blowers should be noiseless in operation. The noise from ordinary 
ojjen undergrate blowers is most objectionable and (juite unnecessary. 

(h) ITaving in mind the nature of the work which has to be done, the whole, 
furnace should be of the most substantial and durable construction. 

Generally speaking, steam jet blower furnaces may be classified in three 
distinct groups : (a) Undergrate blower furnaces, with which system the blowers 
are arranged in the ashpits immediately beneath and parallel with the grates ; 
(&) pressure bar furnaces using segmental channel or other hollow firebars, with a 
separate steam jet for the supply to each firebar or air channel; (c) external blower 
or noiseless furnaces, with which system the blowers are arranged vertically and 
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externally, the ashpit beifig'free from any obstruction. In Figs. 30, 31. and 32 
aic shown the thna; types of steam jet blowiu' furnaces above referred to. 



Kkl 30.- Typk «)k .)kt 

Blower Fokckd Iihaiijiit 

.Kurnaoe, as used for Bi rn. Ful :U.—Type of Steam .Iet Blower Forcku Drai out Fi rn.aj'E, 
JNO Coke Breeze. as rsEi> for Bi rmno (’oke Breeze. 

In So far as the actual working efficiency is comerned, des|)ite all claims to tlie 
contrary, there is but little if any material difference between the three classes. 

The fuel can be burned at equal rates with an ('(piivalent elHciency will) either 
class. The outstanding dill'erences are found in the method of air delivery, and in 
the tyj)e and arrangement of the grate ; apart from these haitures tin' choice lies 



Kia. 32.— Tvpe ok Noisha.ass SStf.am .Iet Br.owEit Forced Dracout Fcrnac e, 
AS CSKD KOR THE IICRNISG OF CoKE IIrEEZK. 


between a single air chamber or a number, and the constant noise, which is a feature 
of all open undergratc blowers, or, on the other hand, noiseless opiMtion. 

As already observed with Lancashire and Cornish, or internally fired boilers, 
which are mainly used both in gas works and in titlier indu.stries utilising coke 


I 
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breeze, the evaporative output is reduced as the rcihdt of a necessarily restricted 
grate area, and a limited rate of combustion. 

With the adoption of larger steam generating units in the form of water tube 
boilers, e(]ui])ped with iiua'hanieal stokers suitabh’ for burning coke breeze, it has 
been shown that with this fuel when used with grates of ample area it is possible to 
obtain the full rated evaporative outjmt from a boiler, with a rate of combustion 
varying from ‘in to 28 lbs. of fuel per s(p ft. of grate ])er hour. 

The following figures of evajxuative tests with travelling grate stokers of tin; 
Underfeed .Stoker Company’s make are of much interest, having in mind (he low 
oalorifie value of the breeze and the, percentages of ash and moisture : 


TABUU \o. 25 

Eniporn/ire Tcsls with Ihiderfeed Tmrellmj (irn/r S/okers lnirnin<i i'okc Hreeze 


1 

1 (Jiasgow 

Maiylcboiu 

liristol 

Priest inaii 
Colliery 


d'orporatici 

Fleet ricitv 

Cor] )o ration 


(I as 

j \\ orks. 

Flf'ctrieitv 

i 

Depaitnienl 

liontlon. 

Wm-ks. ■ 

Liinitisi. 

j Kiicl. 

! (Itis 

Coke 
Bret'zc. 

t'oke 

Coke 

< 'oke (>\ eu 

breeze. 

breeze. 

breeze. 

! Aiiiilysis 1 Asli ..... 

124 


27 - 0:1 

2 : 1-4 

of Volatile ..... 

()!I7 

:i-'8:i 

0-82 

J iMoislutv .... 

1S41 

17(> 

1:1 (18 

10(15 

B.T.l'. as lireal ...... 

8«;!2 

812(1 

8027 

8700 

Duralioii of U*.st, liours .... 

() 

4 

f> 

0 

pressure ...... 

IDS 

lOO 

full load 
200 

140 

Dranglit gauge at (lam|)er iuehos W'.tl. . 

1 o 

0:12 

o-:i 


; .Absolute steam pres.surc‘ .... 



214-7 

208-7 

1 Air ])r'<‘Ssiiro iu wind bo.x .... 



0-0 


1 (Jascs leaving boik'T Fabr. .... 

iir," 

r>2r 

772 

52(F 

} Feed wjiter entering Ijoiler .... 

1H2« = 

iMF 

2-10 

171-2' 

i Steam (em|K‘ralure Fahr. .... 


772' 

7:i8- 

727-4- 

, Sujit'rbeat deg. Falir. ..... 

100 

184-7' 

17(F 

140-1 

i Total fuel consumed, lbs. .... 


14.072 

10,204 

7704 

' Total refu.se dry, lbs. . . . . . 



4070 

1704 

Tolal refuse dry, ix'ieentagc by analysis 



27-72 

23-4 

Kuel as tired jxt liour lbs. .... 

24 : 1:1 

.'17:18 

:i2ii 

12.70 

Fuel as tired jK'r square foot of grate, lbs. 

. 2.7-2 

28-7 

28-10 

27-7 

(X)^ iu gases leaving boiler .... 

12-0 

14 "u 

1:1 

0-43 

'I’otul weight of water used, lbs. 


71,200 

110,(MX) 1 

38,007 ' 

['aetor of evaiioration iH.iler iuehiding sujxn- 
benter ....... 

! 11,7(1 

1-287 

Ml 

1-177 

Total, from and at 212 dog. Fahr. including 
! .supcriioater, lbs. ..... 

i 


128,700 


i Amount used, lbs. ..... 


17,8(H» 

io,:!:i:i 

0 : 140-7 

Fyajxtration from and at 212 deg. I''ahr. in¬ 
cluding suix-rheater, lbs. .... 

1 

: 17,012 

21,470 


Kvui)oralioii ix^r t)ound actual, lbs. 

i (i-O-l 

4-7(1 

0-((2 

5-077 

Equivalent evaixrnition from and at 212 deg. 
Fahr. including sujx'rheatcr, lbs. 

1 

7 00 

0-12 

0-08 

7-07 

Evaporation from and at 212 <lcg. Fahr. jxt 
square foot of heating surface, ll)s. 

4-16 


:i-07 


Ellioienoy ....... 

76-7 

72-7 

72-30 

00-3 % ^ 
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The following figures of an evaporative test of twenty-four hours’ duration at 

Temple Gas Works, Glasgow Corporation Gas Department, with a Babcock & Wilcox 
boiler and chain grate stoker, show excellent all round results with unscreeried coke 

breeze■ 


TABLE No. 26 


Empomtwe Test of Babcock d H'ilcox Boiler and Chain Crate Mechanical Stoken 
with Balanced Drawjht, at Glasgow Corporation Gas Department, Temple Gas Works, 

Total heating surface. 

2531 sq. ft. 

Stoker grate area . . . . . . 

70 

Ratio of heating surface to grate area .... 

.36-2 to 1 

Duration of Test ....... 

24 hours 

Fuel ......... 

Unscreened coke breeze 

Size—Over | in. to { in. ...... 

Ifi-I per cent. 

,, J in. to 1 in. ...... 

,, \ in. to J in. . 

42-3 

23-1 „ 

Under J in. 

19-2 „ 

Total quantity fired ....... 

40,320 lbs. 

Consumed per hour (wet) ...... 

1,680 „ 

Con.sumed per sq. ft. of grate per hour (wet) 

24-0 ,. 

Consumed per hour (dry) ...... 

1,328 „ 

Consiimed p(-r sq. ft. of grate per hour (dry) 

18-97 „ 

(’ombustible consumed per hour ..... 

1,010 „ 

Combustible consumed per sq. ft. of grate per hour 

U-i „ 

Riddlings. 

3 per cent. 

Thickne.ss of fire ....... 

9 ins. 

Average steam pressure ...... 

no lbs. per sq. in. 

Temperature of water (well) ..... 

45° F. 

Total water evaporated. 

196,100 lbs. 

Average evaporation per hour actual .... 

8,183 „ 

Equivalent evaporation per hour, from and at 212“ F. . 

9,942 „ 

Flvaporation per lb. of fuel, actual .... 

4-87 

Evaporation per lb. of fuel from and at 212° F. . 

5-92 

Factor of evaporation. 

1-215 „ 

Draught ......... 

Forced 

In blast flue ........ 

0-5 ‘ 

In ashpit ........ 

0-31 

At rear fire door ....... 

Balanced 

Thermal efficiency ....... 

67-4 per cent. 

The machine firing of coke breeze alone in internally fired boilers, unless with a 
stationary grate, and the removal of clinker by hand, is not a satisfactory system 

of firing, owing to the low volatile content of the fuel. 


^ “ The Manufacture of Water Gas,” by Mr James Hall, Paper road before the Scottish Junior 

Gas AsswKuation, Western District, Januaiy 1923. 

t 
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AVith water tube boilers two types of mechanical'stokers have been successfully 
used, i.e. the travelling grate stoker and the chain grate stoker, both of which are 
described and illustrated in a subsequent chapter entitled “ Furnaces and Firing/’ 

The outstanding advantage of mechanical stokers of these types is in the slow 
and easily adjustable travel of the grate and fuel bed, and its uniform thickness. 
Further, while wdth hand fired furnaces the length of grate for efficient operation is 
limited to from o ft. to 6 ft., with these mechanical stokers grates from 11 ft. to 10 ft. 
long may be tiscid, thus very considerably increasing the grate area and avoiding 
the necessity for rates of combustion in excess of tlui most efficient rate. 

Another point of importance is that the fire is automatically cleaned, and manual 
labour in the handling of ash is entirely eliminated. 

The length of travel of the fuel at a slow rate and at a uniform thickness, ensures 
very complete combustion and the, residual clinker contains but the minimum of 
carbon. 

The use of a very small and graded coke breeze containing a considerabh; 
])ro])ortion of du.st does not present the sanu! difficulty as is experienced in the hand 
firing of this small and light fuel, while the gain in (ifficitnicy as the result of working 
with closed doors continually is a factor of sonu; im[)ortance. 

The following comparative fuel costs of boilers fireil with coal, coke, and coke 
breeze, tabidated by Mr W. L. Kicol, Engineer and Fu(d Expert to the London 
Cokt* Committee, serve to show not only the economy deriv(‘d by the use of breezi“, 
but also tin? high thermal efficiency due to machine firing; 

TABLE No. 27 

CoHi jximlire Fuel Costs of Boilers fired wilh Coal, Coir, and Cole Breeze 


! ^ (.‘ojil. 

! 1 

Coke. 

Ct)ke Ureze. 

f 

1 Sysloni of (liiuight 

Xat ural 

Forced (IxMidon Coke 

ImiX'lled 



Committee) 



i SvNtem of stoking 

Mechanical 

Hand 

Mechanical 

1 Tv|ie of loiler .... 

Water to lie 

Jxuiea- 

Coriiislj 

Babcock 

& Wilcox 


shii’e 




1 Coatc siufnco, scjuai'e feet . 
i Fuel l)iin)e(l ]K“r square foot of grate 

87-88 

36 0 

29-0 

81 0 

TiO-O 

‘ |K‘r hour .... 

26 •« 

15-0 

16-1 

25-2 

28-28 

CO. iK'iccjitilge .... 

8-0 

14-0 

16-0 

14-5 

11-7 

Kxeess air, in'reenlage 

i;ii)-o 

48-0 

28-0 

43 0 

75-0 

Fiu“l Jos.s, pereentage . 

Faloritie power as fired B.'IMJ. 

23-0 

13 0 

11-0 

12-5 

10-5 

12,000 

12,000 

12,000 

10,083 

9,018 

Evn])oration from mid at 212’ F. 
)K.'r 11). of fuel ns Hred 

7-r) IBs. 

9-8 Ills. 

9-8 ll«. 

7-84 lbs. 

0-50 IKs. 

Thermal efiieiency 

Current rates quoted f.a.s. l/mdon 

60 -3 " , 

78-8 

78*8% 

751",|' 

71-01%' 

|)cr ton. 

Fuel cost |)er UMH) gallons. 

45/ 

45, 

45/- 

22 6 

22/6 

eva])orated .... 

26/0 

20 6 

20/6 

12/10 

15 3 

Financial saving effected 

• • 

2 .'l"o 

■o 

K.) O 

42 


* Boiler only, no eeonomiser or siiperlionter. 
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It must be admitted that very slow progress is being made in the adoption of 
water tube boil(!rs and machine, firing in tlie larger gas works, but it is certain that 
with a wider a[)preciation of the outstanding advantages of thus utilising coke breeze 
for steam generation, the internally hand fired boiler will to a large extent be 
displaced by the machine tired water tube boiler -this change is inevitable. 

For the utilisatioti of coke breeze with bituminous slack for steam generation 
in water tube boilers tlu^ Sandwich system of fuel blending, jiatented and introduced 
by Mr hi. \\'. L. Nicol, Kngineer and Fuel Expert to the London Coke Committee, 
marks a distinct advance in mixed firing. 

This simple sy.stein, which is illustrated in Figs. Ili'J and I3.'l, Chapter XTI., has 
for its object the .sejiarate and distinct delivery from a double or divided hojiper of 
fue.ls in su])erim|)o.sed layi'rs. From the inner eorniiartmeut of the hopper low gittde 
slack coal is fed by gravity on top of a layer of coke breezi! or coke, first fed from the 
outer compartmimt of the hopper. 

Having determined by experiment the most suitable and efficient ]iro|>ortions 
of each fuel, the height of the delivery areas is fixed accordingly, and it is then only 
nece.ssary to kcej) the compartments of the hojiper siipjdied with the resjiective fuels. 

It lias been conclusively shown that this sy.stein of firing coke or coke breeze 
wdth bituminous slack jiossesses undoubted a<l vantages over indiscriminate admi.xiure, 
or even the most careful admixture of given jiroportions of two fuels. 

The following comjiarative test figures (I) with slack and unscreened broken 
coke, and (2) with coal only, under jirecisely similar conditions with a llabcock & 
Wilcox boiler and economiser having a normal eva])orative capacity of ()(H)(I lbs. 
of water per hour, oiierating under natural draught, clearly demonstrates the 
elliciency and po.ssibilities of this system of fuel blending :. 


TABLE No. -28 



Test So. 1. 

Tost No. 2. 


broken ('iikt* 

(.UmiI fiiily. 


and Slack. 


Calorific value as fireil ..... 

11,1:18 B.T.U. 

12,1.50 B.T.C. 

Fuel consumed per sip ft. of grate jier hour 

:i(l-()(i lbs. 

;{|-«0 lbs. 

Ash and clinker, actual ..... 

l(i-22 per cent. 

12-7 per cent. 

Average steam pres.sure ..... 

178 lbs. 

179 lbs. 

Temperature of superheated steam . 

■180“ F. 

190“ F. 

Water evaporated per hour .... 

10,505 lbs. 

8,747 lbs. 

Water evajiorated per .sip ft. of heating surface 

5-22 lbs. 

l-:55 lbs. 

Water evaporated per lb. of fuel as fired from 
feed temperature ..... 

7-IS lbs. 

5'7() lbs. 

AV^ater evaporated per lb. of fuel from and 
at 212“ F. 

0-22 lbs. 

7-44 lbs. 

Efficiency, boiler and superheater, . 

OD-O per cent. 

5:M2 per cent. 

Efficiency, boiler with economiser . 

79-!)G „ 

f50-98 

Draught over fire ...... 

0-25 in. 

0-25 in. 
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» 

\V liil(! coke bniczo can no loiij'er be ref^arded as a waste fuel altliougli varying 
cousideralily in calorific value, and asli, and moistun; content, it may in comparison 
with a larg(! number of solid fuels available be frequently regarded as a low 
graile fuel. 

What has been accomplislied with coke breeze may also be accoinplish(sl with 
a variety of small and low grade fuels, which, at the juesent tirlie, are not (‘xtensivcly 
nsed, atid which from the, point of view of calorific value, ash, and moisture content, 
present tio gnait diliiculty in burning than breeze. 




CHAPTER VI 


TOWNS’ REFUSE: ITS FUEL VALUE 

That miscellaneous assortment of waste material generally known as towns’ refuse, 
and which is j)eriodically collected liy the local sanitary .authority, frecjuently at 
a heavy cost, usually comprises much material which might he and shoidd iie 
utilised by the householder to his own advantage, and to the benefit of the community. 

The nuithods of disposal adopted by local authorities may bo briefly stated 
as (1) tipping or dumping on so-called waste land, (2) disposal by fire in rcduso 
destructors, and (2) recov(!ry of the saleable material by mechanical sorting, in 
connection with what are known as refuse, salvage, or utilisation plants. 

It is true that, in the case of a few' tow'iis on the seaboard, refuse has bcim 
disposed of by barging out to sea and dumj)ing into deep water, but this method of 
disposal has never been regarded as satisfactory. Pulverisation of refuse and its 
conversion into a fertili.ser, has been advocated, and this method of treatment has 
been adopted by a few' local authorities. Tried on a large scale on tin; Continent 
it has not been found to be a satisfactory method of disposal, mainly because of 
the uncertain demand for the product. 

Th<! sy.stem w'hich is still employed to a large extent in Great Britain, is the 
tipping or dumping of refuse on land. It is, however, not [)roposed to discuss this 
method of disposal which involves questions of sanitation and hygiene, which do 
not come within the scope or purview of this work. Disregarding the sanitary 
aspect of refu.se tlisposal, the refuse ti]) or dump will be considered from the ]mint 
of view of its value as a low grade fuel, which has been extensively used to dis¬ 
place coal, and which might and should be used to a far greatiu’ extent for thi.s 
[uirpose. 

It has been estimated that local authorities in Groat Britain collect every y<air 
with house refuse from to 3 million tons of cinder and recoverablj; coal, a largt! 
pro[)ortion of which is dumped to waste. This may be said to be equivalent in 
calorific valiu; to from ,'100,000 to GOO.OtX) tons of good house coal per annum. In 
other words, if this biel were used by those who throw' it away, the net result would 
be an annual saving of from .')00,(K)0 to 000,000 tons of household coal. 

It ciinnot be too strongly emphasised that the value of a refuse destructor from 
the point of view of .steam gener.ation is to a large extent determined by the 
proportion or j)ercentage of wasted household fuel contained in the refuse. .Similarly 
the revenue derived from the mechanical sorting of refuse is alfectcd to no small 
extent by the weight of saleable fuel recovered therefrom and its condition. In this 
chapter it is proposed to discuss the refuse destructo'r more particularly from the 
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point of view of the utilisation of the waste heat for Ihe generation of steam, while 
in a subsequent chapter the recovery of fuel from waste will be discussed. 

Nearly half a century has passed since the late Mr Alfred Fryer introduced the 
refuse destructor as a means of final disposal of refuse. Actually the first destructor 
cells or furnaces were built and put into operation at the Water Street Depot of 
Manchester Corporation in 187ti, and it is believed that these Wore in use uj) to 1912, 
or even later. 

As the earlier destructor furnaces have been exhaustively discussiM in various 
text books, a brief description will now .suffice. The cells or furnaces were arranged 
either in a single row comprising two or more furnaces, or back to bacA', the gases 
pa.ssing direct from the furnaces into a main flue leading to the chimney. 

In the case of the smaller installations the niiiin flue was arranged at the rear 
and beneath the furnace. With plants of larger capacity, where the furnaces were 
arranged back to back, the main flue was set at right angle to the grates, between 
and underneath the furnaces. 

Each cell was completely isolated from the adjoining cell, discharging its gases 
into a common main flue. 

The furnaces being operated undiir chimiuiy or natural draught condition.s, 
aiwl the refuse being charged in at the top in considerable (juantities at a time, tin? 
furnac(! temperature, as also the main flue temperature, was too low to ensure 
satisfa<'tory combustion, with tlui result that complaints of objectionable discharge 
from chimneys were frequent. 

With a view to eliminating or minimising the olfensive discharge from destnictor 
chimneys a device was introduced which was known as the “ Fume Cremator.” 
This compristsl a small coke fired furnace, which was built in the main flue, at a 
convenient [)oint between the destructor furnaces and the chimney, the gases passing 
from the furnaces over and through the “ Fume Cremator ” before reacliing the 
chimney. 

The function of the " Fume Cremator ” was to render th(^ low tenqierature and 
olfimsiv'e gas(!s innocuous. A number of thes(! secondary or cremator furnaces 
were erected, but apart from the cost of firing the same with coke, the grate area 
usually ])rovided, as also the cubic capacity of the furnace, would appear to have 
been insuffi(a(!nt, having in mind the large volunu! of heavy gases passing frotn the 
destructor furnaces. 

While the introduction of the fume cremator m.ay be regarded as a serious 
attem|)t to enable the destructor to be operated without discharging offensive gases 
from the chimney, for rea.sons already referre<l to it caiinot be said to have been 
altogether .satisfactory. 

The first real advance in the design of refuse destructors was in the provision 
of a forced draught air supply, which had the efl'ecl of considerably increasing the 
furnace temperature, and accordingly improving the cond)ustion conditions, with the 
r(!sult that the gases discharged from the chimney were usually no longer objectionable. 

For some few years after the introduction of forced draught the design of 
destructor cells or furnaces remained unchanged, these being arranged as distinct 
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and isolated units, from which the gases passed into a common main flue to the 
chimney. 

Some twenty-five years since a drastic departure in the design of tlestructor 
furnaces was introduced, embodying (I) the provision of a continuous furnace 
chamber and grate, with divided or separate ashpits; (2) a combustion and dust 
interception chamb(!r,' which was iLsually arranged at right angles to the grate ; 
(3) the setting of a steam boiler beyond the combustion chamber; and (1) the pro¬ 
vision of a regenerator or continuous air heater between the boiler and the chimney. 
The high teni]vrature waste gases were used in connection with the boiler for 
.steam generation, and upon leaving the boiler weie fuithei' utilised for heating the 
whole of the air su])])ly for combustion. 

There can be no dordit that these improvements in furnace design, and in fhe 
])?'ovision of a heated air su])ply for coml)u.stion, con.stitut<‘s tin; greate.st advance 
made in destructor design, and while within recent years many valuable iniprov'e- 
ments have Ix'on introduced in the form of mechanical charging and clinloning, as 
also in le.ss important details, which will be hereaftei' refeiivd to, the irontimious 
grate, combustion chandan', and the use of hot air for combustion are embodied in 
almost every modern installation, and are now regarded as essential. 

Writing in I it 12 ^ upon the (piestion of comparative design the author put the 
jio.sition thus - 

“ As one who has devote<l much time and attention to the developim'nt of the 
continuous grate sy.stem for many yearn ])ast, the author Tiiay perhaps be forgiven 
for an unusual enthusiasm. This type has in ])ractice been proved to show a 
working efficiency far in advance of that previously obtained, both, with the best, 
and also the most inferior refuse. 

In destroying refuse of V'ery low calorific value, or with a high percentage of 
moisture, the continuous grate possesses manifest advantages over the isolated 
cell system. Refuse can lx; efficiently burned with the former, which it is VTiy 
dillicult, if not impo.ssible, to burn with the latter type. 

In the maintenance of a high working temperature in the furnace and eom- 
bu.stion chamber, in the av'oidance of nuisance, in power piaxluction, and in main¬ 
tenance co.st, it has been amply demonstrated that the continuous grate marks a 
great advance upon |)revious practiciv 

" ft is only .since the introduction of this type that the power production a.spect 
of I'efuse rlisposal has become a prominent featuri'. The easy maintenance ol a 
reasonablv constant steam pressure, which is gowrned entirely by a. well-tiiaiiitaincd 
furnace temperature, has done much to convince those who wish to use the .steam 
that the supply is a satisfactory one. 

“ During the pa.st ten years comparatively few cellular destructors have been 
erected. For every destnictor of this type wliich has been built during this period, 
at least five destriu'tors of the continuous grate type have been elected. 

“ There (ould be no more conclusive proof of the all-round superioiity of tlie 
continuous grate type than the fact that this type is now offered by every destnictor 

' Sec “Mofleni Destructor Practice*,” 1912, t)y tlie author. 

f 
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maker in England, with but a single exception. In %iiierica it is the standanl 
British type, and in continental and tropii^al countries it is generally recognised as 
of vital importance.” 

For some years following the introduction of the continuous grate design, 
destnictors were, made in three distinct types, in so far as charging is concerned 
(a) front fed, (6) back fed, and (c) top fed. With the former type the refuse was 
hand fired direct on to the grate, the clinker being also removed through the firing 
doors at the front. In the ('ase of the back fed type of destructor a drying heartli 
was usually provided, the refuse being shovelled on to this hearth, and after drying, 
was sjH'cad over the grate the clinker being removed at the front of the furnace 
from points directly opposite to the charging doors. 

The top fed destructor, in common with the back fed tyjK", was prievided witli 
a drying hearth, this being arranged at the upper part of the grate and directly 
beneath the charging opening. From the drying hearth the refuse was levelled 
and spread over the grate as retpiired, this work being done from the front 
of the furnace through the openings, which were also used for tln^ removal of 
clinker. 

Subsequent improvements which were introduced, and which will la; disciisscal, 
had for their object the mechanical charging of top fed destructois (I) with a view 
to (diminating manual labour in charging, and (2) to provide for the direct charging 
from mechanically operated rec('ptacles of definite and known (piantities at regular 
intervals. 

While these improvements were satisfactory in the reduction of manual labour 
on top of the furnace, the dumping of a heavy charge of refuse on to a limited grate 
area ])resented extremely unsatisfactory conditions foi’ combustion, in addition to 
which too much labour was necessitated at the front of the furnaces in spreading 
and levelling the charge over the grate. 

The ('hariiim/ of l)e4ruelor Funmees. The methods of charging or feeding 
r(duse into destructor furnaces has for many yearn be(m the stdjject of recurring 
and even acute controversy. 

The great bulk of destructor installations in Great Britain and in other countru'S 
may be said to comprise hand charging, either at the toji, back, or front of the 
furnace. 

Top Feedmj. -Top feeding was thus tersely defined by Mr George Watson * 
twenty-five years since : “ With top feeding the refus(! is merely pushed blindly in.” 

This may be said to accuiately describe the operation, not only iti connection 
with the top-fe<i furnace as (hwigned nearly fifty years since, but the plain top-fed 
destnictor of (o-day. 

With all destructor furnaces of this type, almost invariably the cajiacity of the 
charge introduced is determined by tin; man or men on top of the furnace. No 
regard is paid to weight or cubic caj)acity, the only limiting factor is the cubic 
capacity of the furnace. The (diarge may be half a ton or it may be three times 

‘ Watson on “ Kofusc Fumades." Procecditvjs of Out I/ifitHuliott of ('icil P/ujinccrti, vot. cxxxv., 
Session 1898-00, Part I. 
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Fig. 33._Twelve Direct Tor Hand-fed Trough Grates, with Boilers, Aik Heaters, Fan's, and Chimney 
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this quantity. As a general rule the charges introduced arc far too lieavy: a 
heavy charge is favoured, because it nieaiis a periodical idle sjwll. 

This method of charging, it need s<^arcely be observed, is op})osed to the most 
elementary principles of combustion. From the point of view of steam generation 
it is most unsatisfactory and inefficient, it irsually involves filthy conditions within 
the destructor house and serious lisk of nuisance! outside, it nece.s,sitates tlie use 
of c.vc(‘ssive air pressure in the ashpits and conduces to the ('mission of dust and 
unconsumed light niaterial from the chimney, and the production of uusatisfactory 
cliiilcei’. 

Bark Fmlimj. A considerable number of back shovel-fed destructors ar.' in 
use of several makes, botli in Oreat Britain and elsewhere. The outstanding 
advantage of this type is that a drying hearth is used, and the clinker is withdrawn 
at tlu! ojqrosite side of the furnace, i.c. the furnace is charged at tlu! back, and 
cliirkered at the front. The ])jiucipal disadvantage is that the labour is ie()itired 
at two ])oinls and cannot la; concentrated. 

Front Fcedinij. Many front shovel-fed destructors of various makes have been 
adojrted, mainly in (rreat Britain, having a maximum capacity of Bit) tons daily, 
lo a minimum capacity of about 5 tons daily or even less. 

Fiuriaces of this ty|«! represeirt th(! rrtmost simplicity in design ; as a general 
rule no drying Ireaith is rtsed, the whole of the refuse being shovelled on to th(! grat(! 
rlircct : all htbortr is conccrrl.ratcd at the front of the frrrnace, the clinker bcitrg 
removed rrt this ]ioint through the firing door's. 

Considered fiortr th(! staitd|)oint of elliciency in .steam generation, .shovel-fed 
de.strirctors, both of brrek and fi'ont-fed ty|)es, have irrvaiiably giverr results con¬ 
siderably in advairc(! of fhrrse obtitiruul with top-fed frtrnaccs, as also a rrrru'h tmue 
\itreorrs clinker. Frtrtlier, it may be obs(!rved thirt the. actiral laborrr cost jrer ton of 
refrtse destroyed is usrrally less with a shovel-fed frrrnac(! fharr with a tojr-'ed frrrtracc. 

While shovel feeding has Irecn rnrreh favorrred in (treat Britain, rrraitrly becaitse 
of its sirnjilicity and the rtrrifor'mly good resrrlts obtirined, irr (orrtirrerrtal countries 
this system of clurrgirrg has been .strorrgly opyrosed otr hygienic gr-orrrrds, arrd has 
accordingly rrradrr brrt little ])r()gress. Modrrrn cxarrrplcs of top-fed, back-fed, arul 
frorrt-fed Jfeerran destrrrctors are showtr in the followirrg illrrstrations. 

Fig. No. 3:i shows twelve tO]) direct hatrd-fed trotrgh grates, arranged in 
thre(! rrrrits of fotrr cells each, with three Babcock & Wilcox water tube boilers, air 
heaters, fans arrd clrimrt(!y. 

In Fig. No. 34 is shown six back-fed trough grirles, arranged in two units, with 
two Bitbock k Wilcox boilers, air heaters arrd chiirrney. 

A larg(! ])lant of the frorrt-fed flat grate type is illustrated in Fig. 3,0, this plant 
comprising twelve grates, arrarrged in two trnits of six gr'ates each, with two Babcock 
and Wilcox water tube boiler s, air heaters, fans and chimneys. 

Irr Figs. 3(i and 37 are .showtr views of the, feeding and clinkering floors respec¬ 
tively of a threc-grat(! back-fed destructor eretrted for the Redditirh Urbair District 
Couttcil. 

Mer-hankal Charging.—D-axmg the past twelve years there has becii an insistent 
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demand for the inechaiiieal charging of refuse, mainly with a view to improving the 
conditions in the destructor house, and also to reduce the labour cost. 



Since the first system of mechanical charging was introduced some twenty-five 
years since, various patents have been granted for devices having tor their object 
the chargiugjOf destructor furnaces with the minimum of manual labour. 
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Somo Jiave boeti too coinplicated and not sufficiently flexible for the conditions 
demanded in the dcstruetor houst'. Nearly every mechanical charjjin*!; device 
introduced until within the jrast decade‘has possessed fla^ fatal defect of having 
l)een designed to handle far too heavy a charge of I’efuse, and providing little or no 
flexibility either in regard to weiglit or cubic cajjacity. 

Apparatus has been used foi- the instantaneous dumping into a furnace of two 
tons of lefuse oi' (!veii more, the compact mass on the grate being from 5 ft. to 0 ft. 
tluck, and jnesenting impossible conditions from the point of vieAv of elficnent 
condmstion. 

In 1912. when writing on .sy.stems of charging destructors, the author expressed 
the following opinion ' : “ There are already distinct signs that the top-fed destnutor 
of the future will embody a|)paratus by which each charge will be definitely mea.stired, 
while the charges will be comparatively small about one cubic yard - and the 
operation of charging will be controlled by the man in charge of the destructor at 
tire cliukering floor level.” 

While it is usually unwise to ])ro])hcsy. actually the develojunents in mechanical 
charging have very closely followed on the lines of this forecast. 

Mechanical charging may now be said to be satisfactory, because the principles 
governing combustion hax'e been studied and observed. Instead of introducing 
refuse - as a low grade fuel -by the cartload or wagon load, it is now directly and 
instantaneously charged in very moderate and comparatively small quantities, 
which may be varied, the capacity of the delivery receptacle being decided upon 
after a carefid examination of the refuse. 

Messrs Heenan & Fronde, lAd.. the well-known destnictor makers wlirr have 
devoted such close attention to fhe .saving of labour' artd the improvement of the 
(qrerating conditions in connection with refuse destnictors, have introduced and put 
into use two distinct systems of mechanical charging which will be briefly described : - 

Container Feed.- -AVith this .sy.stem the refuse container may be either rectangular, 
vertical, or inclined, or a cylindrical, verticrrl or inclined receptacle corrtaining the 
charge, which, as ab'eady olwer ved, slioitld be a rrroiler-ately srrtall (prantity. 

The containers rrray be filled by hand, the refrtse being shoyelled, jiusherl, or 
raked in, or they crtrr be filled fry a grab attached to a tr'ansportcr' or crane, or by 
means of .special skijjs with doors perrrritting of the arrtornatic discharge of the refuse 
during the lowering operatiorr. 

When the corrtairrers are charged frortr a grrib or ski]) thi'v ttre ustrally of S])ecial 
breech-shaped design, with divergent legs, each leg contairrirrg a charge. 

Mono-r'ail grab tran.sporters electrically operated arc froprerrtly irsed for picking 
up thp refuse, which is stored in hoppers at grorrnd level, raisirrg, transporting, anrl 
dischargirrg the .same into containers. The grab rrsed is of special design, with 
srritable tines adapted for picking rr]> material so variable irr contjrosition as towns’ 
refuse. 

In practice it is found that the grab ])ick.s trp from two-thirds to three-fourths 
of its actual total capacity. 

’ “ Modem Destructor Practice,” by the iiutlior, 1!)12, page 38. 
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Fid. 37.—CLiNKKUiNd Floor, Hkkn.\n Ruk-fkr Drstructoh, Ri:Djiircii. 
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With a jirab system it is essential that suitable provision be made to prevent 
the dissipation of dust throufihout the atmosphere in the destructor building. In 
picking up the refuse and discharging it from the grab into the refuse container, a 
special type of dust bell is provided. This dust bell totally encloses the grab and 
prevents any dust or other matter from falling into the building when the trans- 
jiorter is in motion. 

Skip Feed. -With the skip feed system the .skips, which may be used for collecting 
and storing the refu.se, or for both puiposes, take the place of containers. Special 
doors are provided both at the top and bottom of the skip, which is lowered by 
means of a crane on to a specially designed framework or seating, supported about 
the furnace charging door; and so constnicted that the weight of the staging, the 
skip and its contents are indejiendent of the furnace .structure. Mono-rail trans- 
poiters or electric travelling cranes convey the skips from the skip pit or the skip 
storage jilatform to the charging stage. 

The provision for spreading the refuse over the grate as necessary is by means 
of a small auxiliary door fitted on to the clinkering door ; by means of this arrange¬ 
ment the inflow' of cold air during charging and spreading is reduced to the minimum. 

The mechanical charging of destructor furnaces essentially differs from the 
mechanical charging of coal. For instance, in the mechanical chai’ging of a 
horizontal gas retort, the charging machine, with its charging platform having been 
])ut into position in front of the retort, with the platform level w'ith the bottom of 
the retort, the comjrlete charge is pushed bodily into the retort. 

On the contrary, the mechanical charging of refuse involves only mechanical 
control of the doom, which permit the fall bj/ yrardi/ of the refuse from the container 
or skip into the furnace chamber. 

The three sy.stems of mechanical control introduced by Messrs lleenan & 
Froude, Ijtd., may be described as follows : - 

(1) Hand operation from the clinkering floor. 

(2) Hydraulic operation with ram cylinders on platforms at the level of the 

top charging doors. 

(2) The use of electric^ motors for the opening and closing of the doors, this 
operation also btnng controlled from the clinkering floor. 

Hand operation from the clinkering floor takes slightly longer than the jmwer- 
operated systems, but all three methods ensure practically instantaneous charging. 

In each case the doors are seahid to j>revent the escape of fumes into the 
building; the seal used is a special asbestos preparation in preference to a water 
or sand seal, the former being a source of constant trouble, while the latter is 
ineffective. 

Fig. 38 illustrates six top container fed trough grate cells arranged in two units, 
with tw’o Babcock & Wilcox water tube boilers, air heaters, fans and chimney, 
while in Fig. 39 is shown eight toj) container and grab fed trough grate cells 
arranged in a single unit w'ith one Babcock & Wilcox wat(!r tube boiler, air heater, 
fan and chinmey. 
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C/M-mVwy.—The removal of clinker from destructor furnaces by hand is 
<‘xtremely heavy and obj(!ctionable work, owing to the fre([uency of the o])eration, 
the proportion or weight of material to be removed, and the (!X])osure to radiation! 
dust and fumes. 


With an ordinary grate of, .say, 25 to 30 s(j. ft. area, given^a rate of cond)u,stion 



3S.- .Six Top Cd.NT.MXEK Kivii Tudidii (iii.vriis, wmi Bdii.Ens, .Aik Hi:.vth;h,s, KasS, 

A.SD ('IIIMXP.V. 

of 50 lbs. jier sq. ft. of grate fier hour, it is usually neces.sary to thoroughly clean 
(he fire, i.e. to remove all clinker at intervals of about hours. 

I he weight of clinker to be removed -depending iijion the character of the 
refuse-will probably be not less than from 5 to (! cwts., and possibly more. As 
a general rule this involves keeping the door open for from ten to twenty minutes, 
during which time there is a constant flow or inrush of cold air into the furnace 
chamber, detrimentally affecting the maintenance of a uniform temjierature in the 
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furnace and combustion cliambcr, nslucing by dilut*ion tlie temperature of the 
gases to the l)oiler, involving a drop in steam ])ressure in the boiler, and, in turn, 
a r<!duction in the temperature of the hot air su|)ply to the furnaces, at the 
very time wlien it woidd be most; advantageous to liave an increased air 
tcin|)eratnre. 

P'urtlier, tliese variations in the furnace temperalun' duf- to the extent and 
number of inactive ptTiods, and the inrush of cold air. lead to deterioration of the 
furnace liftings and the firebrick linings. 

It will therefore be evident that it is desirable to candnllv considi'r the 
advantages of mechanical cliidcering, not .-done from the point of view of saving 
labour, but to ensure more uniform tem|)eratur(! conditions in the furnace and 
combustion chamber, and consequently increased etficiency in operation ; to ensure 
the fluctuation in steam |)ressure being kept within the closest jxissible limits, and 
to reduce the cost of maintenance. 

The .simplest and most edicient system of mechanical clinkering vet evolved 
is known as the Trough (Irate, which was introduced by Jlessrs lleenan & Fronde. 
Ltd., some ten years since, and which has been exfensivelv adopted. 

TIu' trough {.rate, as will be suggested by its name, is " V-shaped, ami apart 
from the facility with which clinkaw is removed by rea.son of the form of the grate. 
])rovid(w for much (‘asier charging than the usual type of fiat, horizontal, or slightly 
inclined grate, while also demanding less skill. 

Tlu^ trough grab! may be readily filhsl from the front, back, or top, either 
by hand or by mechanical means, and owing to the formation of the grate, to a 
large extent spnsading, levelling, or trimming is eliminated. 

The makers claim that owing to the form of the grate and the dispositioti of 
the air spacing or orifices, tlui forced draught air su|)ply is concentrated ujion the 
body (d fuel lying in the trough. It is further claimeil (hat blow holes, which to 
a large extent are inevitabh! with tin' ordinary type of fiat grate, are inq ossible 
with the angle of air deliv'cry. This would appear to Ix! a perfectly .souml claim, 
with which the author is in complete agn'cment, when the air is delivered into the 
ma.ss of fuel (m/wccr.sr/// instead of vertically the trouble due to blow holes and 
conseqiumt excess of air is no longer possible. 

This trouble with ordinary or Hat grates is constant, and the remedy is as 
bad as the trouble, inasmuch as the surface of the lire must be constantly watched, 
anil when a, blow hole develops the opening must be tilleil with refuse, either by 
s[)reading or shovelling. In juactice it is invariably found that linunen will not 
do this, and it is no nncommon expt‘rienc<‘ to be able to simultaneously ob.serve 
a dozen blow holes in a fire. 

It is further claimed by the makers (hat the cliidrer produced is harder; the 
author would prefer to put it that the clinker wu// and sliinild be harder than 
ordinary destructor clinker. Whether it actually is or not will depend upon care 
in operation and the thorough burning through of a charge. Without proper care 
there is a risk of w'ithdrawal while leaving a .soft and mdrurned core in the centre 
of the mass. This criticism is not directed at the trough grate, on the contrary 



108 UTILISATION OF LOW GRADE AND WASTE FUELS 

unsatisfactory clinker will be due to lack of works organisation or management, 
with no proper cycle; of operation. 

The most important iidvantage derivable from the; trough grate is in the 
faedity with which the mass of clinker may be removed, involving but a relatively 
small effort eipon the part of the fireman. 

During the confbustion process, as the clinker solidifies, and without adhering 
to the sides or ends of the trough grate, it settles upon the removable base of the 
trough, which is arranged in the form of a draw bar set in a channel or groove. 

Phis draw bar is withdrawn by means of a hand or j)ower winch, and with it 
IS removed the whole body of clinker in a .single operation, and in a fraction of the 
time, iiivolved in clinkering by hand. 

The effect is to very greatly reduce the inactive periods, and accordingly 
incri'ase the burning capacity of the furnace, proltably to the e.xtent of at lea.st 
2o per cent., while reducing to the minimum the lo.ss and inefficiency due to the 
inrush of cold air. As the solid mass of clinker is withdrawn from the furnace it 
is ])laced upon a specially designed truck, the body of which may be of either the 
open or enclosed ty(M; as preferred. The saving in'time and labour will be obvious, 
in addition to which the inconvenience, and nuisance <luc to the dissemination of 
<lust - which is inevitable with hand clinkering, is to a very larg<; extent avoided. 

Those who have had any considerable experience in the O|)eration of refuse 
destructors will doubtle.ss agre;; with the author that mechanical clinkering should 
sup(;rsede hand clinkering in all destructor works irrespective of size, as a|)art from 
the saving in labour the advantages in impr(jved o[)erating efficienev are beyond 
<]uestion. 

The Hcenan | atent trough grate is illu.strated in Figs. 40 and 41, the former 
showing the withdrawal of clinker in connection wit h the two-grate plant at Hertford, 
w'hile the latter is an internal view of a trough grate. 

The .-hr 8u}>ply for ('ombmiion. —I’rorninent among tin; improvements intro¬ 
duced in connection w'ith destructor furnac(;s is the use of hot air for <'ombustion. 
to which r(;ference has already been made. 

For the heating of the air supply, the waste gases an; utili.sed after leaving 
the, steam boiler. The apparatus used, w'hich has been termed a rc'generator or 
recuperator, may be described as a nest of cast-iron tubes attached at the top and 
bottom to tube plates, tin; whole being fix(;<l in a firebrick lined chamber. 

The wa.5te gases leaving the boiler |)as.s through the cast-iron tubes, whih; the 
air is either induced or forced to flow ov(;r the e.xternal and heated surfaces of the 
tubes, and from the air heater chamber is deliver(;d through ducts or conduits to 
the astipits of the furnaces, and forced through the fires. 

The outstanding advantages of using heated air may lx; briefly .stated thus 

The, ignition of frc.shly charged refuse; is much accelerated owing to the rapid 
liberation of moisture. There is a substantial increase in the furnace and com¬ 
bustion chamber temperatures as the; result of the added heat units and the 
reduction in the volume of exce.sa air and reduced dilution of the gases, w'ith 
a consequent improvement in the evaporative efficiency. 
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Tn (lestnictar furnaces the question of rapid ignitioif is of pararnoujit importance, 
particularly if the waste heat is utilised for steam generation ; sluggish ignition 
advers(,‘ly affects the furnace and coirdmstion chamber temperatures, involving 
fluctuating steam pressure. 

For the efficient burning of sub-tropical and tropical refuse, apart from any 
(juestion of steam generation, it may be observed that the use of heated air is 
essential. 

In connection with all well-designed modern destructor installations, adequate 
j)0sitive ventilation of the building is ensured by taking th(‘ air supply for com- 
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bustion from the building by means of suitably arranged air ducts to the air iidet 
of the regetu'rator. 

In practice! for many years jeast this has been found fo Ix! very effective, as 
the air supply within the building is thus changed several times every hour. 

The iiioul suildble Steam Generator, any consiileration of towns’ ridusc as 
a low grade fuel the type of steam generator claims attention. 

Hitherto steam boilers of the Lancashin', Cornish, and water tube tyiies 
have been adopted, and a considerable number of each type are now in use 
in (treat Britain, although in other countries water tube boilers are almost 
e.vclusively used. 

While boilers of the Lancashire and Cornish types have given e.'ccellent results 
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ill sti'ani geiKTation, tlier.i I'an ba no doubt that the water tube boiler is tlie most 
suitable and ellieient type for the utilisation of waste heat. 

Kegarded from the points of view of compact h(‘ating surfaci',-facility in 
building in, saving in ground s|>ace, accessibility for cleaning, and for inde|)(‘n<lently 
liring if desired ; when the destructor is shut down, the water tube boiler offers 
adv'antages not obtainable with boih*rs of other tyjies. 

.\lthough Jaincashire and Cornish boilers hav'e and are giving comjilete satis- 



FkJ. 41. TiIK HkE.NAN I’ATK.NT TuOLIUI (IuATK (tNTEIt.SAl, ViKVV). 

faction in steam geniiration, they provide convenient facilities for the deposit of 
dust. The connecting tubes between the condmstion eharnber and the boiler, 
the furnace tubes, the side flues, and Maine bed, all proviile space for the deposit 
of dust, with the result that in a comparatively short ]ieriod the effective heating 
surface is reduced and the efficiency is impaired, back draught is experienced, 
and the jilant mu.st be shut down for cleaning, which necessitates a jirelirninary 
three or four days for adequate cooling. 

With the water tube boiler the facilities for dust removal are such as to enable 
longer continuous operation periods, and mui'h more expeditious removal of dust. 

Even if the dust is removed by a suction or pneumatic system, the water tube 
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boiler is much more convenient than tlie Lancashire -liir Cornish types, because of 
its jjreater accessibility for easy and rapid cleaning. Tin; author is well aware that 
boilers of other types have been advocated, such as for instance the multitubular 
or fire lube boiler. Those who purpose utilising refu.s(' as a fuel, however, would 
b(! w'cll advised under no circumstances whatever lo instal a boiler of this typ(!, 
or indeed of any similar type. In the utilisation of dust-chafgcjd gases for steam 
generation, it has been .shown, as might havi- been anticipated, that the fire tubes 
riipidly choke, involving back draught, increased maintenance cost, inetficienev, 
and very frequent stopjiages for cleatdng. 

Whili! from every jioint of view the water tube boiler may be regarded as the 
most etiieient type of steam generator for combination with a refuse di-structor, 
it iloes not ])os,se,ss the advantage, of the Lancashire and Cornish types in providing 
large steam and water space, which in readily meeting steam requiremeids for 
certain loads is very b(>neficial. 

To some e.vtent this deficiency may be remedied bv providing a main steam 
and water drum of larger diameter than is usual. 

It is good practice under such conditions when in.stalling a water tube boiler 
of a given heating .surface, having normally a .standard main drum of :5 ft. diameter, 
to provide instead a. drum of I ft. diameter. 

In connection with sewage juimping stations and air compressor .stations, where 
as the re.sidt of sudden and heavy rainfall an unu.sual demand for steam has at times 
to be Jiiet ([uiekly, the author, who has invariably used drums in exee.ss of the .standard 
diameter, has found the increased sti-aiu and water storage of undoubted advantage. 

The Fuel Value of Toiru.V Refuse. Krom the jioint of view of ealorilii^ value and 
com|)osition generally, towns’ refuse must be regaided as the lowest of all low grade 
ftiels. 

If it were not for the fact that it is desirable tor sanitary reasons to dispose of the 
refuse of communities by the agency of fire, certain it is that as a potential fuel, that 
heterogeneous mi.xture known as towns’ refuse would not leceive any' consideration. 

Ifegarded strictly as a fuel it may be s.aid that towns’ refuse is certainly inferior 
to ot her low grade and waste fuels which aie now being utilised for power jiroduction, 
in addition to which, unlike all other low grade fuels of more or less constant 
composition and calorific value, towns’ refuse vaiies widely in its component iiaits, 
apart altogether from seasonal influences. 

While the composition and calorific value of refuse in (freat Hritain often shows 
a considerable variation even under identical or analagous climatic conditions, refu.se 
in other countries, tempei'ate, sub-tropical, and tropical, varies to a large e.vtent 
in its composition and fuel value. 

In the accomjtanying Table No. 29 is .shown the coiiqrarative composition of 
refuse, as determined by screening, in eight citie.s and towns in England and Scotland. 

These analyses clearly reveal two important features in the composition of 
refuse : (1) the high proportion of fine dust, and (2) the very large percentage of 
cinders. 

Comparing these figures with other records of various analyses made during 
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the past twenty-ftve years, it is shown that in the main the composition of towns’ 
refuse has not changed appreciably, in so far as the percentage of cindem is con¬ 
cerned. 

TABLE No. 2!» 


Comparative Componilinn of Refme. as determined htj Sereening 
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AVIiilc. as a general rule, the results obtained in steam gcnieration under test 
conditions are rightly regarded with some sitspicion, the author has thought it 
desirable to set forth the figures as given in TaWe No. :U). with a view to .showing 
the comparative results in steam generation obtaiiunl in some seven different 
countries and several English counties, covering practically every month in the 
year, and with test periods varying from 7 to IH!) horn's. 

The author is well aware that evaporative te.sts are usually carried out with a 
traine<l staff and under spetfially favourable or ])rej)ared conditions, such as woidd 
not ordinarily obtain. Eurther, it may be stated that the leal test is the performance 
under ordinary or normal conditions over an extended period. 

Although attaching no undue importance to the test figures ((noted, and 
estimating the same at their proper value, nevertheless these figures are well worth 
careful study, showing as they do that in .such a hot month as .lanuary it was possible 
in Melbourne to obtain an average evaporation of l| lbs. of water per lb. of refu.se 
destroyed over a period of hours. 

Tlie results obtained at Aberdare, Pontypridd, Rotherham, and Coventry, in 
the vicinity of coal-fields, clearly indicate a high proportion of carbon in the refuse, 
and an extraordinary wa.ste upon the part of householders. 

At Milwaukee the results obtained both under extreme winter and summer 
conditions show that the liigh proportion of garbage contained in Milwaukee refuse 
in the .summer months does not reduce the evaporation to the extent which might 
be anticipated. 
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The evaporative results obtained at Penaiij!; and Stiigapore are such as might 
be anticipated, having in mind the climatic conditions and the composition of the 
refuse, with a very low percentage of material possessing any appreciable calorific 
value, and a large proportion of waste having a very high moisture content. 


TABLE No. 30 


St&im (knemtioH from Hifiisa 


lIooiiHii J)cstnictor fit 


Ilford, Essex 
llichmond (Melbourne), Austral 
Westmount (Montreal), Canada 
Milwaukee,’ Wis., U.S.A 
East Crinstead 


Aberdare, South Wales . 
Itotterdam, Holland 
Ipswich, iSiiffolk 
Pontypridd, South Wah's 
Swinton and Pcndlebury, Lancs. 
Clvd(d)ank, Scotland 
King's Norton 
Bury St Edmunds, Suffolk 
Cheltenham. Clos. . 

Redditch, Worcs. . 

St Albans. Herts , 

West Bromwich 
Rotherham, Yorks. 

Penang,'-’ Straits Settlements . 
Singapore, ,, „ 


(!oventry,’‘ Warwick 


Kvujioration 
]M‘r 11). of 
rc-fiisc from 

Moiitli of 

Diirutiou 
of Test in 

and at 212 

Houi>. 

Kiilii-., (Ihs.). 



1-H2 

.Man-h 

UH) 

l-.oO 

.lamia rv 

13-7.3 

2-11 

Maridi' 

9-.5 

1 -31 


37-0 

l-.SK 

.lime 

7-5 

4 •2-2 


.S-W 

i-ior.;! 

E(‘hruary 


1 -ru 

A])ril 

7-0 

3-17 

Febrnarv 

8-0 

1 -(id.o 

Sejitember 

11-0 

2-11 

.May 

8-.5 

2-()3 

February 

13-25 

2-04 

Dei-endfCf- 

7-33 

1 -577 

.lune 

17-5 

l-il 

November 

7-5 

2-7.') 

.lanuai-y 

8-125 

I•7(i 


8-5 

2-073 

.lamia ry 

18-0 

0-.30(l 

April 

8 

0-31 

.hme 

Fcbnuiry 'i 

72 

2-29fS 

April I 

July I 

September | 

1.89 


fn Table No. 30 the remarkable average results oblained at Coventry over a 
period of 189 hours are included. These results aie so e.xccptional and conclusive 
that it has been thought desirable to include complete details. 

The complete details of the tests are given in Table No. 31, while in Figs. 42, 43. 
and 44 are diagrams prepared by Mr .1. Eric Swindlchurst, .M.A., A.M.I.C.E., Deputy 


' Extreme winter—cxtronn; summer1)0. 

** By-pass damper full open throughout the lest. 
® Average of ,'ouv teats aggregate 189 hours. 


II 








114 UTILISATION OF LOW GRADE AND WASTED FUELS 


a 

& 


s 


o 




§ 


<5 


s 

- © c- . ea 

® 1£ ^ 
•* r 
> »*s 6 C S< 

0 c 3 w -a 

i C X! O.** ' 


s e 

P^o 


^ © 

111 

ssi 


llsi 


E g I! -g ^ s' ^ 

^ §>|a 
■£ 3 g -c p M 
§ g.i 5« 

Si|2?.3|a 

^ ^ t, ^i fl -jt 'O 

in S s -iS — »N -S 

sf 

^Ssgls I! 


t fc§ 


^ © 
il 
S.S 


3 £ 

i| 

s s 


a SS 
■^“1 
iS°l 

5* 

m' 

ii^ 

b< 


*S e ^ © S li 
^ .3 .ts s e © o 
• 2 , » cw-g 

M © g t^&CS 
^ 2'©« « 
§1 


s!«! o 

».r 

■§ ^.2 I . S ”§ . 

3l3 3 sisl 

ti * 35 .£; -^ sic-JS > 


'«e 

3 

H 


c 

a 


•n C 

£ C " 


5i (i; = 


s 

£ i27 

F-i C 


^ cj go ^ oc 
^ ;£5 O C4 

20 oE ^ 


^ ^ c-i os 
c5 lit i:^ 

Si Q c 4 
- 1 "^ -5 ^ 


X »c ^ 
O <M « X 
«C X — 



-H ^ 51 CO 


32 5£ *2 3 

lOxoi 

-ti <ri of —' of 4* 

— 01 


OJ X 10 —N ^ l^^ n I 

S 3 o 


.9C: 


»-: X « 

X o o: IN 




X 3 ii ^ 

't eo X X X 'f 
01 oi <r{ ss X 

OJ 


© 1 

fm- 


g-1 


04 X «0 IN 
eo CO t- r- 
? r-; 17 - t- CO 

•0 C> c o: •4 


XX Tf t'* 
|-» (JOICI-- — 
X -+ ^ r- 9 
•j CO ^ X CO 
* 10 Ol 


.^iii 


X X 

-x;*' 


x; _*. 2 C 5? '5‘i *3 

01 .'t fO Oi 5 

5i» •? OJ to $ 01 01 

-i 01 oi 01 —'of 4 
01 01 


CO C X 2C 


Oi X Si 
Si CO to 
to 01 


Hi 


. r™ 


X CO 

X cs lo to 01 
oi -- X X CO X 


. c8 eS ci . 
Jfcfclfn * 


a ^ 


ll. 
■« 11 


^ d m Q 


•e 


15 C .5 

i^.a-g) 
s e * 

s t* 

3'^3 

o o 
H H 




■ Mj* 3 a 

•Sa'S^ 

Jo ® S 
^ fijo i 
0 . 0—2 
. j.rf *«i a- 
5 d © . 
So*" 

g all 

= Ji S a „ 
D f« ^ fc X 

=-g i Is 

o ^ d © 

<r © •i* > 
W 


a’-S a 
sis 
% ^ 


1 2 

© o 


Oi 

S 


S 

o 


“sii; § 

h, d d & e 

'3-a^ 2| 

© a © M 
d cr > d 
feW 


$ 2 

© “ 

£ d 

.33 


#3 © 
.11 
' "°2 
3 ° 

-I'm 

a a 7 
is g 

§■3 S 

3Se 

— O © 

-oHfi 





TOWNS’ REFUSE: ITS FITEL VALUE 


115 


II 

59 5 




II 




JS 

o 


■ .a 


fl & 
O % 

‘5 * 

j3 




o 

•S £ 

"P ** 

W) 5 

•S s 

t: 

B t 

o > 
o ^ 

•§ i 

§ i 


I s 

g I 

c £ 
& »■ 
£! S 


" 3 J 
O g g. 

■“ J S* 

^ s a 
;s E 1« 

(m 4^ > 

"5 *2 — 
-5i S ^ 
a> o 
.w c 
^ 2 ^ 
a a> C 

2 ^ 

'f .3 . 


.S ^ 


•3 

A H 

1.3 


0 ) 


«3 


£ -g 


s i 

4, ^ 

'I 

i § 


..J! 


■s - 

o ^ « 

5 ^ * 

bo 

^ ^ -5 

<L ^ rt 


C 

a» 

£ 

o 


2 is 

•" -c 

a 


K . 

S 2 = 

a-s g 

■S 3 


MH ?0 


® 2 

o £; 

> X 

C 

T3 S 


■§ 

f 2 « 


Oj is i 


”’**' 5 

Ifb p 


41 -n S 

j= 3 I 

*M •• J* 

O fl -t 


a "O ~ 

r. 4) , 

.W /> a 

«8 O ' 
S t! 2 

S s I , 
^ .s ■& • 

3 - S' • 

O O 3 

*s ^ » 

4a 5S 2 
W ^ > 

■tf 4a 

5 » flj 

O I* 4a 
-r ?6 


■u C 

4 O 

i 

4* 

i4 ^ 

7i O 


4 

a 5 
2 J 

bi ■* 

4< ~ 

"5 ^ 
o p 

4 « . 

£ 2 


-« w 

4 • * 


X M 

7> -3 

•I ^ 

.5 f'" 

I p 

- a 

4 M 
JS ^ 

*- 3 , 
t: 


? ^ i 




cr ^ j5 3 


% 4 - 


^ S- 

2 5 


.i a C 


= fc 


4 bo 

J5 s 

t •£ 

3 08 


S C 
O 4 


4 - 
4 a »- 

»H S 
4 *e 

'2 s 

II 

c •• 

08 ' 

rS 


bp 444 

‘B ° 
3 >-* 

ft, Hh 

a 


A ,- 

I r 5 s « ^ 

»< s 
§ - 

:c -S 
s 

v9 bo 


w 3 

■S S 
SP >.. 
? £ 
-s 

3 r 

3 ff* 


H ji 
4 


4 


2f « 

“ 4 

fa *A 


■ ^ .a 

c8 .53 

a 


« ?9 S 
? -2 


X 

'.' '■* 
CD ^ 

s' £ 

a-^ 

. 08 

I 

S i 

o ^ 


o 

a a 
S 

a 5 


bO 

II 

M 2 

I s, 

S 

X 4 


® - fa 

08 4 

3 > T3 

'w *4 2 

043 

I -s S 
^ r >> ° 

3 i' "S -3 

g 1 2 1 


: 8 


£ 2 


4 

T D 


O SlI 

g w 


3 « 

■3 o 


‘r 4 


ft ft 


£ '9 ^ 


S «Si 

” j; 


■ 9 ^.3 5 

i j= 3 f. ^ §• 

C O C4 m 


f '5 


A ^ 
a 4 c 

CO 'C « 


.8 .s 
p is 




>» w 
g na 

.§ 

4a «j 

* .S 
2 ^ 
ft 3 

O ° 

K» W 

C« .S 
4 fa 
^ 08 


.tS «5 

S ^ 

S 3 S 
2 «8 
g W 

3 J 

S .8 
.2 


8 

15 s 


0 - 
■3 .2 

4 -t: 
.D ;£ 

bO 5 
’4 "c 


!s ^ 

ft H 


2 9“ 

ii 


x; M 4 a 'o 

S •= t; §< £ 

g « = ■.. p 


y, 

^ a 


>>i 

"2 * 


SI 


■2 4 

. g ^ 


.2 4 a 

r fa ® 

bb ^ 

8 i 

® iS fa 
i - s 
5 2 

.*- 4 ^ 

® =* £ ■ 
X M 4 

^ bO j3 

'a .a ‘1 

S "2 

.£ £ 


•A O 


H, 

*/- 



116 UTILISATION OF LOW GRAUi: AND WASTE FUELS 


Tons of 
Refuse 
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\the vihole year 
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Borough Engineer of Preston, to whom the autlior is "indebted for permission to 
include these records of three years’ operation. 

Upon reference to the diagram, Eig. 14, it will l)e observed that the average 
evaporation over a j)eriod of three years was 2']2 lbs. of water p<'r lb. of refuse from 
and at 212“ F. The maximum evaporation was 2-.‘5r) lbs. of water per lb. of refuse 
during the month of April, and coiTespotuling with tlie lowest average rate of 
combustion. The minimum evaporation 1-7I ll)s. of water per lb. of refuse was 
shown, as might be anticipated, during the month of August, eorre.sjamding with 
the highest average late of combu.stion. 

Mr Swindlehurst’s figures show that a consideiabic lange of fluctuation occurs 
as between the month of maximum results and the mouth of minimum results, 
these variations being as follows : • 

Refuse available, to the extent of lo-o per cent. 

Rate of burning, ,, ,, 2.'i-St 

Rate of evajjoration, ,, ,. 

In a very (■()mplet(! and valualde paper ^ read fiefore the Institution of (Jivil 
Engineers’ Association of Biiiningham Students, on 27th Feb. Ii.)t 1, Mr Swindlehurst. 
gave exhautive details of three years’ ojyeration of tlie Coventry plant and the sui)ply 
of steam to the adjacent Corporation Electricity IVork.s. The seo]ie of this pap(!i' 
is so comprehensive that it may said to be one of the most valuable contributions 
oir operating results which has ever been prepared. 

The following details - of a re(-ent evaporative test of 100 houis’ duration with 
a Heenan destmetor at (Tiiernsey are of more than ordinary interest, having in 
mind (1) the location of the plant, (2) its stnall size, and (2) the fact that it does not 
embody an air heatei’. 

In th(! Channel Islands, relying entirely upon imjiorted and expensive coal, it 
may bo assumed that the eidorilie value of the refuse will be considerably lower than 
that of towns on tjte mainland, whether of a residential oi- industrial character. 

Tlaving in mind the (piality of the refuse, and the use of air for combu.stion at 
atmos])heric tempeiature, the siTiall (piaiitity of refu.se dealt with, the eharactm' 
of the load, and the high exit temperature of the gases leaving the boiler, the re.sults 
obtained must be regarded as exceptionally good. 

The .steam pressure and temperature diagram.s reproduced in Figs. 45, 46, 47, 
and 48 are for a small plant unusually satisfactory. M'hile it is not difficxdt with 
a large modtuii plant, using hot air for combustion, to show a reasonably even steam 
pressure, in this instance the average weight of refuse burned per hour was only 
•6(i tons. No doubt the comparatively small variation in steam pressure may to a 
large extent Ire accounted for by the use of meehauie.il (linkering. 

* “ The ('(uistructioa and W orking of a .Modorn Refuse Destrmaor, I.y J. J*.rio ,S\vindlc4iui’St, M.A. 
(Cantab.), A.M.I.C.K. Tiie Institution of Civil Hngineers' .\s.so. ialion of Uirmingliam Jftudonts, 28tli 
Session, 1913-14. 

® For ])erniission to pnblisli llieso .lidails the author is indebted to Air Arthur U. Biitl, Engineer 
■and Manager of the (lucrnsey Railway Co., Ltd., ami .Messisi Hi'enan A' hroude, Ltd.*^orcestor. 
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i 

TAJiLi; No. .‘52 

Dciails of Evoporatwe Test. The Guernsey Huilwny Company, Ltd. 

Imtj ejctmti of iveekhj run of jxmrr phut, comprising :— 

Babcock & Wilcox boiler, heating surface 870 .sij. ft. 

,, ,, superheater. 

i feeuan k Froude 2-c<-ll trougli grate jcfiise destructor, with l)e]t di ivon forced draught 
fan. 

Generating .set with condenser. 

Nofe. - No coal or other .su])plenientaiT fuel was used din ing thi.s run, which 


was a normal ordinary weekly run. 

Date ......... 

April 9th to l lth, I9‘2;3. 

Duration .. 

100 working houi-s. 

Total refuse burned ...... 

(i(! tons- 117.81(1 lbs. 

Kefuse burned per hour ...... 

M78 1ls. 

Total water evaporated (by nader) .... 

17,720 gallons ] 77,200 lbs. 

Kvaporation per pound of refu.se, actual . 

1-198 Iks. 

Steam pressure ])er sq. in. ..... 

150 ,. 

Feed water tempeniture ..... 

i:55° F. 

Temperature of superheuttMi .steam .... 

170° F. 

Superheat added to steam. 

101° F. 

Factor of evaporation, including superheat 

M85 

Equivalent evaporation ]ier lb. of refuse fjoni and at 
212° F. 

1-119 lbs. 

Total electrical units generated .... 

2920 

Units generated per ton of refuse burned . 

11-2 

Steam produced per unit generated, including large 
waste at safety valve ..... 

()0-(i lbs. 

Units used by belt driven fan per ton of refuse 

1-51 

Average load on generator ..... 

Tl 1 er cent. 

„ ashpit pressure. 

2 in. W.G. 

„ temperature of gases leaving boiler 

000° F. 


In Figs. 19 and .aO are shown respectively a anew of the destructor colls at the 
clinkering floor, and also a \uew of the generating plant. 

During the pa.st twenty-five years approximately 2.o0 refu.se de.structor.s have 
been erected in Great Britain and in many other countries, in connection with which 
more or les.s complete luovision has been made for the utilisation of the available 
w'astc heat for steam generation. 

The purpose.s for which the steam has been and is being used comprise 
electricity generation, .sewage pumping, water pumping, gas works .supply, heating 






I'Ki. tit. ( i.iMvKiuxt; Im.(h)k, IIkksan Hack-kki) l)r,s'i'Kr{'T(ii{. 

((Jl'KHSSKY UaIIAVAV Co., LtD.) 
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plant, laundries, clinker utilisation plant, industrial works, and various municipal 
works. 

Tliat very large (juantities of coal liave been saved as tlic result of tkus utilising 
waste heat is beyond (juestion. In connection with upwards of 100 sewage pumping 
stations previously using steam coal in quantities varying from 300 tons to over 
1000 tons per annum, the use of coal has either (mtirely ceased, or its u.se is restricted 
to Sundays and holid.ays, when there is no collection of refuse, although in some 
few cases, in order to meet (!Xcei)tional pumping demands, it is necessary occasionally 
to put a coal fired boiler into service for short period.s. 

While, due to e.\ce|)tioiial local conditions, there are cases where the pumping 
(hunand is so heavy as to bi! beyond the steam generation capacity of the refuse, 
such cases are com))arativel 3 ' few. 

In the average ca.se it has litsui shown that the available refus(! is equal to 
])roviding the whole of the steam re([uired for pumping the maximum flow of sewage, 
as also for the lighting of the works and clinker utilisation plant. 

The combination of refuse destructors with electricity generating stations, 
which was so strongly advocated some twenty years since, has for various reasons 
failed to fulfil expectations as an ideal or even a .satisfactory combination. 

(bmerall^' speaking electrical engineers have not regarded the combination 
with any favour, it may, in fact, be observed that steam from refnse has rarely been 
de.sired unle.ss it has been obtainable at a price considerably below its cost if generateil 
from coal. 

Haying in mind that steam is the principal asset, in fact the only as.sct of 
importance in the combustion of refuse, its value under certain circumstances was 
regarded by those resj)onsible for its jjroduction as at any rate approximately 
equivalent to steam generated by coal after making due allowance for the, conditions 
and limitations of su[)plv'. It was, howevi.T, frequently found to be very diflicult, 
even if not impossible, to g(!t the [mrchasing department to take the same view. 

The main di.sadvantages affecting the utility or value, of tin; combination are 
(1) that it is desirable to operate the destructor continuously, and at a reasonably 
uniform rate, whereas its gnsatest value to an electricity undertaking in the saving 
of coal would be to burn refu.se ov'er a comparatively few hours, and with considerable 
flexibility in the rate of combustion. (2) In connection with the larger generating 
stations, even given the most favourable operating conditions, only a comparatively 
small and decreasing proportion of the total steam required could in any case be 
provided by the destructor. 

The limited quantity of steam obtainable, as compared with the total require¬ 
ments, the lack of flexibility, the, fixed and limited time for collection and delivery, 
questions of storage, dust trouble, dual control, and actual as compared with assumed 
value, have all tended to discourage tin; mor<! extended use of destructors in com¬ 
bination with electricity works. 

It is doubtless due to these and other reasons that ^ the electrical output from 

' Analyses and Nummaries prepannl by the KItTtricily CommiaHioners for the year ended Mareh 
31st, 1921. .A 
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refuse for the year ended March 31st, 1921, was only ff,613,330 units for thirty-four 
works, as compared with a total output of 4,9r).'>,514,403 units by 436 electricity 
works burning coal and coke. 

One great advantage of the electricity works has been its comparatively central 
location with a consequent reduction in the cost of haulage. From every other 
point of view combination with a sewage pumping plant or ,wme other uiunici| al 
undertaking would appear to be preferable, as offering on the whole a much more 
favourable outlet for the steam available. 

The all-important point is to make the most efficient use of the- available wast(^ 
heat and steam —in other words, if it is decided to burn nifiise as a means of final 
and sanitary tli.spo.sal—then it .should be regarded as a low grade fuel, and the 
available heat should be utilisial to the best po.ssible advantage. 

Flven if this be done, it is only rarely and under excejitionally favourable 
conditions that a refuse destructor can bt; operated without incurring loss. If the 
available heat is w'asteil, then with no tangible asset to .set against standing and 
operating charges, it is not possibh', to jjrovide and operate a nduse (festruetor 
without incurring a loss, the extent of which will (hqiend u[)on the .standing and 
operating costs, and the value of the heat wasted from the jioint of view of its coal 
(‘quivalent. 

r)(!.spit(! its variable ami unpromising com[)osition ns a find it has been po.ssible 
when burning refu.se under good conditions to obtain an eva()orative output from 
boilers in (excess of their rated capacity. Thi^ fuel value of refuse has been so 
conclusively demonstrated under smli a variety of conditions during the jiast 
epiarter of a century that to ignore this aspect, and to jirovide a refuse' destructe)r 
merely to burn refuse, anel te) make nee use of tlm available; rvaste lie-at, might be 
re-gareled as until inkeible anel impossible. 

Far fremi this being the; esrse, there a-re; not a few in.stallatiems Avhere for many 
years jiast refuse, in the aggregate equivahmt to .some hunelreels eif thousanels of 
tons eif e;oal per annum has been anel still is being burneel to waste. .Such is 
municipal wiseleuu ! 
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IIRIQUETTKS AND RRIQUETTIXD 

Lv ii ])ainj)lilet dated J(i03 Sir Hiigli Platt referred to the maniifaeture at (hat time 
of a “ compressed fuel,” but such subsequent records as are available appear to 
show that briquettes W(!re first uiiinufactured about 1812 at Berard, near St litiehiic, 
Eranee, followed bv (he first bri(]uette works in England, at Xewcastl<‘-on-Tvne, 
in 1810. 

.4lthough the jire.seiit annual production of briquettes in (fermany is 
greater than the aggregate jmxluction in ail other countries, it was not 
until 1801 (hat bricpiettes wen^ first manufactured in (Jermany at Jlulheim-ou- 
Ruhr. 

AVhile it is true that the great bulk of l)ri(|uettes made in (fc'rmaiiv are manu¬ 
factured from brown coal, as already discussed in a preceding chapter, this inq^ortant 
development serves to demonstrate the great value and utility of bricpietting, in 
(uiabling a fuel to be manufactured from raw coal, which in its original condition, 
and before treatment, could not bo utilised for the same or similar purposes. 
For precisely similar reasons tlu're is urgent need, from the point of view of 
conservation, for a considerable e.xpan.sion of the bri(|uelting industry in (Jreat 
Britain. 

In the Final Report of the Royal Commi.ssion on Coal Suj)plies, I!l08-l!)()r), 
briquetting is thus referred to : 

" Hitherto this indu.strv has beeji mainly conlined to South Wale.s,' where the 
small coal made in tlie screening, and in the transit of the best steam ('oal, is mi.xed 
with 8 per cent, to 1(1 })er cent, of jtiteh, and converted into briquettes. Jjarge 
quantities of .similar .small coal iir<‘ e.xported to the continent for th<‘ .same 
juirpo.se. 

Of the value of these bricpiettcs as a fuel there is no dotdit, and they are 
e.xtensively purchased by the Navy as a re.serve stock in hot climates, where (hey 
ar(! .said to deteriorate le.ss than AVelsh coal. In England and Scotland briquettes 
are seldom made, jwobably becau.sc there is a good market for small coal. There is, 
however, every reason to anticipate that in the future they will bi^ more 
largely Used for steam and domestic j)urjroses, and there appears to be a good 
field for the discov(!ry of a suitable binding material, pitch, which is the chief 
binder used at juesent, being rather too smoky for domestic purjw.ses, and also 
high in price. 

The evidence j)oints to the conclusion that a .suitable briquette plant, if well 

^ Final of the Koyal Commission on (!oal Supplies, Part I, General Report', 
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m<anage(], should pay in connection with a colliery ; at^resent the hri(piette factories 
in this country ar<i mostly at or near docks. Sugge.dions have been made, that 
partial di.stillation in addition to washing and chinning would give a much wider 
choice of material for the manufacture of first class briquettes, and that coal and 
oil might be used in combination, so as to form briqticttes of good calorific value 
out of inferior coal. , 

The evidence .shows that seams which cannot now be woiked at a profit 
will in future be rendered jnofitable, by washing, sorting, coking and briquet¬ 
ting the coal or converting it into gas, and that no small coal need las left in 
the mine. 

It has been proved that large quantities of the best Welsh steam <'oal are left 
underground in the form of " small,” solely because under j)resent conditions it 
docs not pay to bring it out. It appears that much of this “ small,” although it is 
frcapiently dirty, is of similar quality to that now being made into briquettes in 
South Wales, and we look to washing and briquetting as one of the available methods 
by which such coal can be brought out and used to advantage. 

Tlie annual production of p.atent fuel at this time ( HfOij) was as follows : 


Ton.s 


Mngliiml. Walt*«. Scotlanil. 

109,702 1 , 00 : 5,210 :52,04(i 


'I'otal 

, , , '.I’ntal availahlc 

cxintrtfd. fur hoiiH' 
fonsumption, 

14,098 1,108,4.00 111,131 


From 1905 to 1910 tluire was a steady increa.se in production, which was most 
marked in South Wales and Scotland. In Fngland the annual production only 
increased to the extent of 20,tX)0 tons, against increases of 571,(X)0 tons in South 
W'ales and 51,0(X) tons in Scotland. 

Since 1910 the abnormal juice of pitch has not only serhui.sly retarded 
dev(!lopment, but has created a positioTi of great difliculty for the briquetting 
industry, during a period when under normal conditions there would have been very 
considerable o,xpansion. 

in the Final Kejmrt of tin' Coal Conservation (.'ommittecs 1918, alter referring 
to the. Report of the Royal Commi.ssion on (,’oal Sujqdies, 1903-1905, and discussing 
the present position, the following conclusion is (expressed : " But we are of oj)inion 
that a more dctei'mined ellort should be made, to encourage tin; consumption of 
j)atent fuel in the United Kingdom, both for steam raising and dome.sti(( jmrpo,ses, 
ther((by achieving two objects :— 

“ (1) Inducing colliery owners to bring to bank mon; of the small coal, 
and 

“ (2) Setting free for exjrort a greater (juantity of large coal, which, by reason of 
it.s higher price, is better able to bear h(!avy freights, and meet (lerman ami American 
competition in oversea markets." 

Having in mind the very large quantities of fuel suitable for briejuetting whh'h 
have been and still are available in Great Britain, it is a matt(!ij^for regret that 
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the development of the, bri*|Uetting industry has been so slow and the output 
so small. 

For reasons which are to some extent' obscure, “ manufactured fuej ” has been 
regarded with .some suspicion, and despite its general convenience and cleanliness, 
due to the freedom from small coal and dust, it has to a serious extent failed to 
appeal to consumer,s in this country, with the result that the great bulk of tlie 
])roduction of patent fuel has b(!en, and still is, exported. The following comparative 
figures,! covering the tonnage manufactured, exported, and consumed at home, 
have been extracted from the Final Report of the Mining Sub-Committee—Coal 
Conservation Committee, Final Report, 1918 :— 


PateM Fuel 



'I'otiil maiiufttctuiv. 


Available fur honit' 
consumption. 


Tons. 

Tons. 

1’ons. 

1905 

1,219,586 

1,108,455 

111,131 

1906 

1,513,220 

1,377,209 

136,110 

1907 2 

1,670,000 

1,480,493 

189,107 

1908 

1,604,649 

1,440,4.38 

164,211 

1909 

1,511,645 

1,455,842 

55,803 

1910 

1,607,666 

1,470,491 

136,875 

1911 

1,779,133 

1,612,741 

166,392 

1912 

1,755,869 

1,580,803 

175,066 

1913 

2,213,205 

2,053,187 

160,018 

1914 

1,840,465 

1,607,757 

232,708 

1915 

1,697,451 

1,22.5,071 

472,470 

1916 

1,8.54,573 

1,324,695 

529,878 


These figures clearly show that under normal conditions, and with the exception 
of the last three years, the tonnage of patent fuel coasumed in this country was 
very small. During the last three years referred to above the increased home 
consumption was doubtless due to the then existing stringent fuel conditions, and 
the limitation of exports, as the result of the war. 

Wlule South Wales briquettes have been extensively used in France, the 
following figures, showing the principal exports from South Wales and Monmouth¬ 
shire for the year 1919, indicate a wide distribution 


Tons, 

Denmark.2,239 

German West Africa.2,479 

Netherlands ........ 4,1.57 

Belgium.4,060 

France . . 1,068,328 


' Final Report on Mining Sub-Committee, Appendix 11, page 70. Coal Conservation Committee, 
Final Report, 1918. 

* Figures connjiled by the Census Production Office. ‘ 
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Algeria 

Tone. 

.■ . .107,025 

French West Africa 

•. 23,089 

Switzerland . 

.15,595 

Spain . 

. 59,453 

Italy . 

.152,407 

Austria-Hungary . 

.’. 12,049 

Tunis . 

. 15,373 

Morocco 

. 34,722 

Peru 

.13,104 

Ghili . 

.11,000 

Brazil . 

. 30,004 

Uruguay 

. 20,330 

Argentine, Republic 

. 42,555 

Fgypt . 

.4,725 

British Guiana 

.2,350 


The total tonnage exj)orted was 1,G4(),313, which, it 


oinpared with the figures 


previously quoted, shows that this was not an ahnormal year from the point of 
view of the total quantity exported 

Tt may be observed, why is this fuel, the base of which is small coal of good 
quality, favoured abroad, while in Great Britain then; has been but little or no 
d<!inand for manufactured fuel ? 

To a large extent the explanation may be found in the fact that there 
has been a sorry lack of enterprise upon the ])urt of briquette manufacturers. 
No really effective steps have been taken to educate consumers, either industrial 
or domestic. It is mainly for this reason that manufa{'tured fuel has been and 
still is erroneously regarded as at the best a })oor or dotibtful substitute for raw 
coal, whereas actually briquettes may be made in such convenient shapes and of 
such composition as to 2 )rovide both for industrial and domestic consumj)tion 
fuels which arc at least equal to, and ])robably better than, a large jwojrortion of 
the raw' coal used, from the point of view of unvarying calorific value and low 
ash content. 

Not only is the jireseiit position due to failure upon the part of briquette 
manufacturers to educate consumers, it may also to some e.xtent be attributed 
to the fact that briquettes have been made and sold mainly for domestic use, of 
unsatisfactory sizes and shapes, and containing an excessive proportion of 
incombustible. 


According to the latest available report of 11. M. Ohief Inspector of Mines (for 
1921), the total produt'tion of briquettes in Great Britain and Ireland during 
that year was 1,004,000 tons, or rather less than the tonnage e.xported to France 


during 1919. 

While no more recent figures are available, it may be assumed that the present 
rate of jrroduction is probably less than in 1921, this being due entirely to the 
scarcity of coal tar pitch and Its abnormal price. 
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In spite of exluiustive •jxpeiinients ifi tliis country and in other countries 
with a view to tins discovery of an economic and efficient bindinfi medium as a 
substitute for pitcli, no really satisfactory substitute has yet been discovered, 
and the only effective aiidmop^id' which has been gcneially used is pitch. Although 
briquettes were made in France about ninety years since, using smudge and coal 
tai', pitch has beeij constantly ttsed since 1812, the particular grade which is 
favoured for bri(ju(!tting being known as medium soft coal tar pitch. 

In the endeavour to discover an efficient and commercially practicable 
substitute for pitch as a binding medium, very e.xhaustiv'e experiments have been 
made with a considerable variety of materials, both organic and inorganic, com¬ 
prising. among others, clay, lime, cements, wood tars and resin, wood pulp and 
sulphite li(]uor, beet ])ulp, molasses, starch, various tars and ])itches, from .coal, 
natural asplialtes and petroleum products. 

rnorganic binders possess one very seiious disadvantage, inasmuch as th(!y 
increase the incombii.stible content of the fuel; a further objection is that the 
briqiufftes are weak, and will oidy harden slowly. As inorganic bimhus are not 
volatile, when once the briqiu'ttes are Innd, they do not readily disintegrate in 
the fire. 

Clay, the commonest and most readily available of the inorganic materials, 
cannot be regarded as a satisfactory binding mediun), although it has been used 
for Jiiany years past in South Wales in the ])r(!paration of a ])la.stic mixture of 
anthrar'ite duff for domestic use which is known locally as “ Pele.’’ Tliis 
mixture is usually hand moulded by the consumer and is used in the shape 
of balls. 

While such a fuel is obviously uasuitable and useless for startiiig a fire, it is 
used in rejdeni.shing, and a.s a cheap domestic fuel it appears to give .satisfaction 
in a district when; the u,sc of anthracite is general. 

Among the various organic materials which have been tried, some liava? given 
])romising re.sults, but in almost every case without cxcejffion it has not been 
commercifdly practicable to carry production beyond the laboratory, stage, and 
an efficient substitute for pitch has yet to be discovered. 

From ]!)()1 to ]yi2 a very exhaustive series of experinumts in binpietting 
were made under the supervision of the. United States fieological Survey at the 
fuel testing j)lant.s of St Jauii.s, Mo., and Norfolk, Va. During the .series of tests 
the binding pro 2 oerties of a considerable number of materials were closely 
investigated. Some of the re.sult.s obtained with various binders are shown in the 
following table:— 
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TABLF No. 3a 

Suiinnarjf of Remits of Laboratory Briqudlmj Tests of various Fuels and Binders ' 



. <e 

,£2 0/ «M 

"C 0 

bps ^ 

S !3 C & 

jS ^ 

w. 5 s- u 
p ff a ^ 

bt td 

S 1) , 

•:r Ji. i- 

Kuel. Binder. 

a g . 

. 

r-fsa 

Hi 

X ^ C y.- 

X ^ to 

ui i£ 



it: 

■« r- 

S at'd 'C 

y. ' g X 

l-f ^ 

:s -r - ^ ,4 

c c, t 


U - .s 

:j C fiJS- rr. 

Jiii; 

C fi ua 

?-o 

Pittsburgh .slaek Water gas ])ltcli 

(a) r.'O 

2220 

2220 

Kxcellerd 

(Vint starch 

.'to 

2100 

N.O. 

Fair 

.. ,, Hard wood tar pitch 

40 

1930 

2273 

(h)(>d 

„ .. Cell pitch 

2 0 

ISOO 

3S00 

Poor 

Sulphite lifjuor 

3-0 

1100 

1975 

Wtv jK)or 

'IVuvas lignite . Water gas pitch 

(i-0 

S(HI 

S(.HI 

(hfod 

.. W^ieat Hour . 

.■{•() 

(MiO 

1373 

Fail- 

Col! pitch 

(«) S (l 

1230 


Poor 

.. SuljJiitc liipior 

(h) 0-0 

723 

,3*3 

Very floor 

Pennsylvania an¬ 





thracite culm Cell pitch 

3-0 

27iKI 


Poor 

Stdphitc lirpior 

r.-o 

2.300 


\V‘ry |K)or 

\orth Dakota 




lignilf* . . Water gas pitch 

{/p s-o 

(130 

300 

Fair 

Wheat Hour 

3-0 

730 

112.3 

Fair 

(Vll pitch 

SO 

923 

330 

Poor 

Water gas pilch 

{/<) S-O 

3.30 

4(H) 

I'air 

Wheat Hour . 

3 0 

112.3 

12(HI 

l:)ur 

.. Sulphite lifpior 

i/i) O-O 

3(M) 


\’erv iMHJi* 

PhillipiiK'lignite Water gas pitch 

(i-0 

1100 

1 -ioo 

(lood 

Wheat flour 

) -0 

1330 

1.3.30 

Fail- 

Cornstarch 

(/.) r.-o 

122.3 


Fair 

Cell pitch 

(i-O 

923 

92.3 

Pooi- 

Sulphite Ikjuor 

(/,) s-o 

72.3 

0(H) 

VV‘i-y |K>or 

Ctah sub-hUu- 




minous . . Water gas pitcli 

7 (1 

10.39 


(lood 

Cf'll pitch 

4-0 

11.30 


Poor 

Washington sub- 





Ifitiiininous . Water gas pitch 

(i-0 

1200 

1200 

Cood 

Wheat Hour . 

(«) 3-0 

1.3(KI 


Fair 

.. .. (.ora starch 

(«l 3 -(( 

1,S30 


I'Viir 

Cell piteh 

ti-0 

KHIO 

KHH) 

Poor 

(a) Lowest percentage us(‘il in Icsls, 

Iin( iu>( iu*i-( 

ssjirily the lowest that would 

funiisli a 


HiUisfiiftory 

(/») I’liis was imt sufli<-ivnt to inak«* ('ntir<'ly satisfactrjry l>n(|Uotlfs, l)\it was 

llio Injjliost in llio l(>sts. 


Tho o.s.sontial i(uiilitie.s in a bimlei' aiv thus suniiiiarised by Jlr Jainc.s F. Jlills, 
in Hullotiii No. 343 of the United States ( Jeolo^ieal Survey : - 

(I) Tt Jinist be sufficiently cheap to make the manufacture of bri(iuettes 
profitable. 

* ■■ Kuol Briiiucttinm lnvestigalinns." July 11M)4 tn July 1912, Ity C. h. Wright, Bulletin No. 58,. 
Dcparlmont of the Interior Bureau of Mines, U.S.A., 1913. 
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(2) It must bind stronj'ly, ])rodiicinf{ a bibiuette sufficiently hard but not 
too brittle. i 

(2) It inu.st hold the bri(iuettc together .satisfactorily in the fire. 

(1) It must produce a bri(piett(! sufficiently waterproof to stand the conditions 
of use. 

(ij) It shoidd ifot cause smoke or foul smelling or corrosive gases or ford the flues. 

(()) It should not increase the percentage of ash or clinker. 

(7) It should increase, or certainly not diminish, the heat units obtainable 
from a given weight of fut'I. 

N'ormally the whole of the irupiiiemenls as .set forth abovt; have been fulfilled 
l)y y)itch, and it may bo observed that no other agglomerant has yet been discovered 
which so completrdy and satisfactorily meets the rerpiired conditions. 

OiK^ very important irupiirement in connection with bri(|uettes is cohesive 
strength, for which it has taam usual to accept the French standard test as a 
standard. This te.st for cohesion may be briefly deserilaal as follows : 

One hundred bri(piettes each weighing l-I lbs. are ydaced in a cylinder .‘i(!-22 in. 
in dianu'ter and 2!(-.27 in. in length whicli is divided into three compaitna'iits, and 
K'volves at a sjreed of 2") revolutions per minute. .After having been cliargeil the 
cylinder is revolved for two minuti's. Tlu^ contents are then sifte<l upon a screen 
perforated with ojienings 1-12 in. sipiare. That proportion which remains ujam 
f lu! screen indicates the colu'sive strength, which in the case of the French Admiralty 
tests .should be from .o2 | er cen!. to 58 per cent. 

Bri<|uettes of any desired degree of cohesion )nay be made by varying 
the pro])ortion of binding material and the pre.ssure. This is illustrated by ihe 
iwperinumts made by Wery ’ of Paris with a Bietrix machine, which gave the 
following residts : - 


I’r(',*;sinv iii 
kilo^DanniK’s 
per sfpKire 
font iniol ro. 

Pi't'ssuro in 
!l»s. ]>or 
S4|uiii'<‘ inch. 

Pitfli usotl 
(l>orfontiiuo}. 

(])frfriita'if). 

130 

J<S4I 

(i 

25 

]<)() 

2()!»5 

(i 

Hi 

270 

.3831 

(> 

(ii 

130 

1811 

7 

52 

1!)0 

2()05 

7 

70 

2-50 

3547 

7 

74 


In Oreat Britain, to a large extent, the ju’oductiou of briipiettes or patent fuel 
has been confined to South Wales. Both in Kngland and in Scotland, mainly in 
colliery areas, a number of rvorks have beem erected, but compared with the pro¬ 
duction in South AValcs, the output has been small. The present yioteutial output 
from works in South Wales will jrrobably be not less than 5 million tons per annum, 
or rather more than one-eighth of the total production in all countries. 

• “ tts Fuel/’ .Sjxxiial Consular Report, No. 2r», jmge 54. 
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Prominent among the South Wales works are the following 





Wcijilits t>f 

Makers. 

lirand. 

Hritnicttos matie. 

Uriijucttcs. 

The Crown Preserved Coal Co., Ltd. 

Crown 

10" X 8" xO.'," 

211 lbs. 

>5 >J O 

» )} 

srxfirxor 

121 „ 

The Star Patent Fuel Co. 

Star 

10-8" x()-8";< 7-1" 

—<2 »» 

Jlossrs L. Gueret, Ltd. 

Anchor 

12" x8.*"xr).l" 

2ti „ 



10" xor'xtr 

12 „ 

The .Atlantic Patent Fuel Co., Ltd. 

Atlantic 

!)" xfiJ/'x !" 

10 .. 

Tlie Graigola Patent Find Co., 

Graigola,* 



Ltd. 

.Meitli}'!' 

0.1"xml" xl" 

0 „ 

The Pacific Patent Fuel Co., Ltd. . 

Pacific 

Ofxor xt" 

10 „ 

The I’hami.x Patent Fuel Co., Ltd. 

Pha'ni.v 

I2"X0" Xtj" 

22 „ 

Tlie Cardin' and Newjtoit Patent 




Fuel Co., Lid. 

Arrow 

10"v(if xol" 

Id „ 

The Cardiff Smokeless Fuel Co., Ltd. 

(■a.stle 

I0"x7|" x li" 

Mi ,, 


)> 

I0"x.')l" x l" 

11 „ 

55 .■> ?) 

JJ 

0 "xr>" xff" 

<il „ 

'I'lie Ro.se Fuel (.d.. Ltd. 

Ho.se 


20 „ 



oii/xo/rx-ur 

11 

I’he Reliance Fuel (d.. Ltd. 

” 

11 j"x8f xir 

.)•>! 

•“-’2 









f • 


ix .~ 


*'l-: . ’ _ 
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!'|(5. 51.- -SkI.K<TH»N of BkWCKTIT.S of VaKIKII .SlIAPKS AND SiZES. 


' For locomotives. 
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The sizes and weighta given above are tvpical of the block briquettes made ; 
in addition to this type Ovoid briquettes l»ive also been made in various sizes, and 
there is no doubt that the demand for this useful shape is bound to incriJase. 

Fig. 51 illustrates a selec^tioii of briquettes of various shapes and sizes, the 
rectangiihir briquettes weighing from 21 lbs, to 2 lbs. each, and the Ovoids from 
5 ozs. to 11 ozs. The most convenient .shajie of bri(|uette, both for domestic and 
general industrial use, is the Ovoid, wliich is made in a number of sizes, varying in 
weight from IJ ozs. to 0 ozs. 

Owing to tlieir shape Ovoid briipiettes, whetliei- used in an ordinary open 
dome.stic grate or on the horizontal grate of a steam boilei’, provide a. sufficiency 
of air space to ensure active combustion. 

Tn Fig. 52 is sliown a perforated Ovoid bii(juette introduced by the Perforated 
Fuel Syndicate, Ltd. This type of Ovoid, wliicli is used both in France and Germany, 

possesses obvious advantages in facilitating ignition 
a-nd ((uuliustioti, and quickly produces a hot and 
clear fire. Perforated Ovoids, made from anthracite 
duff', can not only be used for all ]mrposes for which 
anthracite nuts are emjloyed, but may also be used 
in an open grate. 

.Among the larger iuiquette works in South 
Wales arc thosi* of 'I'he (Tiaigola Patent Fuel Co., 
Ltd., having a capacity of over one million tons per 
annum ; 'I’he Crown Preserved (hal Co., I;td., with 
an annual output of from 500,000 to 000,000 tons ; 
The I'ho'ui.v Patent Fuel Co.. Ltd.. ;{25.000 tons ; and The Hose Patent Fuel 
Co., Ltd., which works will be .sub.se(piently described, having a jire.sent eajiacity 
of 750.000 tons. 

Analy.ses of Graigola and Plneni.v bricpiettes by Air Llewellyn J. Davies, F.tbS., 
gave? the following results : 



Fixed 

cai'hon. 

Viilalilr 

niattrr. 

.\h1i. 

Moisture 

Graigola (Locomotive) 

710 

15-50 

10-0 

1 *50 

Phirni-v . . , . 

72-25 

17-0 

8-50 

1 -25 



Fi(}. 5i?. l*i:ia‘()K..\TKh Ovnut 
Hhiqi'kttk. 


Kosp patent fuel is made to suit any s])erifie(l re([uirement within a range 
of from 17 to 22 jier cent, of volatile content, and 5 to 10 per cent, of ash, while 
the: agreed calorific value standard is guaranteed. 

The following are unaly.se.s of various makes of bricpiettes : - 


. Hose Fuel. 


An Fired. 


Moisture 


2-Ot) per cent. 


Carbon 


. SI -21 

82-00 

Hydrogen 


• 4-12 „ 

•1-22 

Oxygen and Nitrogen 


. 3-71 

2-78 

Combustible Sulphur 


•50 

•(it) 

A.sh . ^ . 


. 8-32 ' „ 

8-50 






BRIQUETTES AND BRIQUETTING 




Proximn 'i 

Analysi.i 


Moi.sture ..... 

2-0() per cent. 


Volatile matter .... 

20-00 

21-0 per ( ent. 

Fixed carbonaceous matter 

00-07 

70-5 

Ash. 

8-33 

8t5 „ 

Calories ..... 

7,805 

8,020 per kilo. 

British Thermal Units . 

E(]uivalent to lbs. of water evaporated 
per lb. of fuel burned from and at 

14.157 

14,447 per lb. 

212“ F. 

14-00 

14-80 


Keliaacc 

UeliaiKC 


Strum 0rii|uottf.' 

Anliiraeile Ovoid. 

It’ixed eaibon .... 

72-00 per cent. 

74 -88 per cent 

Volatile matter .... 

10-45 

12-17 

Ash. 

0-75 

8-50 

.Moisture. 

1 -74 

4-30 


Evam (fc Ro(jm, Sicanucu, Blended Omidu, U rc.s. <uid 1^ ozs. 


Ilousf'liold 
(V’litral licatiuj’ . 
Steam jicneratioii 
Autlt incite 


(’ai'lKiii. 

75 per cent. 
81 
78 
83 


.\sll. 

7 per cent. 
7 
7 
7 


18 per cent. 

13 

ir> 

I') 


Bun E(i<ifdteK [The Bun Fuel ('it., /Jd., Bimnneu.) 


Volatile mutter 
Asli 

t.lalories 


j)oni(*.slir. 

10-12 per cent. 
7-it 

7300-7000 


steam. 

I t- 10 per cent. 
8-10 

8000-8100 


Pohnaise'^ (Stirlmj) BriqucUes, 0 /». xO ih. Xoj in. 

for Bteam. ami Samijaiion 


12 Ihs. earh 


■Moisture 

Ash 

_ Volatile matter . 
Coke . 

Sulphur 

Calories 

British Thermal Units 


‘U20 ])er cent. 
8-K) 

l5-i)8 „ 

70-82 
•57 . 

7,0<SO 

13,824 „ 


’ Analyses by Mr IJev'ellyn J. Davies, F.C^S., (‘anlilT. 

* Analysis by (ilasgnw City Analysts ami (Jas Kxaininers Laborat^c, 
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' < 

Manor Powin ' (Slirh'iKi) Rerh'miiilar and Ovoid Briipivtlcs 
Fixed ca 11)011 ..... 70-18 per cont. 

V^olatile nijitler ..... l(i-10 

Moisture ...... (I-OO 

Asli , ..7-12 ., 

KlO-Od ., 


Cokv ffrcvzv. Ovoid Brii/iu^'lvs. 


( S)netli irivk ('ovjioration (las-a orks) 


Volatile matter 

(!ol<e ..... 

Asli. 

Fixed carhoii 
Ilyoroseopie moisture 
(lalorifie value. B.T.r.’s . 

('arbon ecpiivalent 

Kvaporatir'i' power-, lbs. of water per lb. 
of fuel from and at 212“ F. . 


As Received. 
lO-bil ])er cent. 
8;!-82 
Iti-H) 

()7-(i:? 

10.8.')() 


ii-2;i 


As l)ri(‘d. 

11 •.'ll) per cent. 
88-.II 

17-08 ,. 
7i-;i;i .. 

Il.8l(i .. 
12,005 .. 

12-21 


As a iteneral rule it is not desirable to manufacture briipiettes baviiui an ash 
content e.xceedina 10 ])er cent. .\ltliou”li this would appear to Jneclude the use 
of low grade or waste fui-ls. actually this is not so, because by blending or washing, 
or both, the ash eontent may without dilficulty be ki'pt within the above limit 

For the production of the better (pialities of briipiettes washing is now regarded 
as essential. In the briipietting of coke breeze, which has been regarded merely as 
a means of utilising breeze dust ami very tine breeze, it has not been customary to 
wash the fuel. To some e.xtent this will account for the lack of success. 

IVhile it lias been the jnactice, in connection with certain well-known brands 
of briipiettes made for ])aiticular requirements, to clo.sely conform to specifica¬ 
tions as to composition, ash content and calorific value, it would apjiear that the 
pos.sibilities of blending, in ensuring a given volatile and ash content and a fixed 
calorific value, have not yet been fully r-ealised. 

Further, as already ob.served, it has been alleged that brirjuettes have been 
manufactured and sold for domestic use not only unsuitable in shape and size, but 
containing an excessive proportion of incombustible, with the inevitable result that 
fuel ill this form has been regarded as a very unsatisfactory substitute for ordinary 
horuseliold coal. 

Tn the, more recent brirpietting pr actice, wliicli will be subserpiently di.scus.sed, 
a special feature has been made of the mixing and blendiirg of carefully selected 
fuels, with a view to the production and sale of a manufactured fuel w-hich w-ill 

’ Analysis by W. H. Herdsman, Chcmieul Laboratory, (Glasgow. 
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constantly comply with an agreed stan lard specificah'on, the makers guaranteeing 
a standard calorific value, volatile content and ash pincentage. 

This marks a distinct and valuable advance in bihpielting practice, inasmuch 
as a manufactured fuel is thus offered upon a Irasis which for all practical purposes 
does not yet obtain in connection with the sale of raw coal. 

The us(i of fuel whii^h rigidly conforms to a standard specification as to its 
composition and calorific value should widely appeal both to industrial and domestic 
users, while at the same time being an ellective means of conservation by Ihe 
extended use of a considerable range of small fuels wliich are at present to a large 
e.xtent neglecded and unused, Tuainly because of their size presenting difficulties in 
their utilisation in the raw state. 

In the manufacture of Ovoid bri(|uettes for domestic use, while having due 
regard for the percentage of ash, it would ajipear that insufficient attention has 
been given to the composition of the ash. J5y the carefid ble'nding of fuels not only 
is it possible to reduce the ash content, but it should not be difficult to reiuler tfie 
ash fusible at a hnrer teinperature, thus yielding a solid ash or cliiikan’ instead of a 
v<'rv light and powdery ash, which for dom(;stic us(! is most objecf.ionable. 

In the production of bihpiettes for industrial use file selecfion and blending 
of fuels should be such as to ensure the fusion of ash at a high temperature. Ash 
which is fusible at loo low a temperature is very troublesome in steam gimeration. 
in the rajiid jiroduction of clinker, and the subseipient choking of the fire. 

While as the result of the closer attention which has been directed to the 
selection of small fuels and washing the percentage of ash has been materially 
reduced, it would appear that the important question of fusion tempeiature has not 
vet received the attention which it demands. 

ft. is important that all coal containing ujiwards of .‘5 jier cent, of moisture 
should be dried, the cost of drying is more than compensated for by the reduced 
jiercentagc of binding material necessary, in addition to which it is not possible 
to nianufacture satisfactory briipiettes from coal containing a high moisture 
Jiercentagc. 

.Accurate measuring and complete mixing are of the utmo.st importance, and 
in order to ensure absolute uniformity in the conqiosition of the finished briipiette 
the work shordil be done by an automatic machine. 

The importance of automatic measuring is now generally conceded. Refore 
this systimi was used it was necessary to stop the jilant while adjustments wen^ 
made to the measuring apjiaratus in ordei' to vary the proportion of binder to the 
coal. Ry the use of revolving table measuring ajrparatus the necessary adjustments 
may be made while the jilant is rmining, by the alteration of the angle of t he scraper, 
or by the raising or lowering of the sleeve attached to the service hopper. W hen 
briipiettes are being made to a specification requiring the admixture of two, three or 
four grades of small coal, revolving table measurers aie of great advantage, as the 
ash content and calorific value may be varied at will. 

In moulding and jnessing plant the essential features are a^iple strength and 
reliability under regular ninu'ng conditions, with a low maintenance cost. The 

ft 
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earlier presses were muoli too light in /'onstinction, involving unreliability in 
operation and heavy maintenanee cost./ Having in mind that the pressure 
required varies from two tons to three tons per square inch, adequate strength 
is essential. 

In the manufacture of the larger briquettes weighing from 8 lbs. to lbs. 
double compression, i.e. equal and simultaneous pres.sure both on the top and the 
bottom of the brirjuette, is essential in order to obtain uniformity of structure, b’or 
smaller blocks, from 2 lbs. to 1 lbs. weight, a heavy single ]>ressure machine may be 
used, but such a press is only suitable for a small output. 

Heaters should be of ample si/e for a given duty, in order to ensure the highest 
efficiency from the proportion of binder used. 

Wlicn the mi.vture leaves the heater it is important that it should be cooled to 
a suitable temjX'rature before being fed to the press, tliis lesults in fewer breakages 



Fig. ij.T—“ Kcisk *' Fatunt Ki’Kl. 


after the briquettes leave thr; pre.ss, as also a better finish. With Ovoid bri(|uettcs 
this is specially desirable. 

For the cooling of the briquettes as they leave the press s'ow-moving conveyors 
are generally employed: these may in the case of Ovoids be itsed for automatic 
loading. The cooling conveyor greatly reduces the wa.ste due to breakage, and also 
prevents suhsequent “ sweating ” of the fu<d. 

Among the largest and most modern biiquetting works in .South Wales is that 
of The Ro.se Patent Fuel Company, Ltd., .Swansea, which has already been referred 
to. The initial capacity of the works was 7oO,(MI() tons per annum, and when the 
.second imit is completed the total capacity will be l.| million tons per annum. 

Two sizes of blocks arc made as illustrated in Fig. .Tf, these Ixiing respectively 
llfin. X 9|V in. x in., weighing 20 lbs., and 9 }J in. x of# in. x 4^ in., 
weighing 11 lbs. The compo.sition of the fuel is varied to suit any specified require¬ 
ment within certain limits, these being approximately a range in volatile content of 
from 17 to 22 per cent., and ash content of from,.5 to 10 per cent., the calorific 
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standard being guaranteed. On this b) sis fuel is specially blended and made to 
comply with a specification, and to disp ace other fuel. 

As a large, modern, and very completely eejuipped works, a descri|)ti()n will 
doubtless bo of interest. A general plan showing part of the site and illirstrating 
the lay-out is showm in Fig. of. The works and process may be divided into three 
main sections for convenience in describing the same: (1) coiil chaining, drying, 
reception, measuring, blending and granulating, also reception, measuring and 



Kin, 54 . -tJKSHKAL Plan' aM) JjAV oi.t ok Wokks, The Rose Patent 
Kkei, Co., Ltd., Swansea. 


.\ •- I’jin all*! piim]) hon.'i’. K—< 'ual l>iii. ■' 1‘ilcli aiifo^wrii’lifr. 

I! — KiivfiiM'-roDiii, rout ail lilt!' I'- - Mtiin rotil N'~ l’ri*j>arafiiHi >-crl ion. 

rotary roiiverlor and <I lank. t u-I’itrli roinl, 

swUrhItour.l. n WaslK'ty. l’-.<U>tvs{tnidpriirat,li). 

I’rr.ss iiOiLst* willi lliir of .1—Auto-vvri-'hrrs. Q —Tratfl>rr jiit. 

proi^ses. K —Uydranlir a<M iiiii«l.it(»r. Il~ Hoilnv. 

1) -Coni tJrvrift. 1. -Si'orai’r for jiiirh. .S—SidiiiL's. 


mixing of the binding ingredients ; (2) distribution, heating, agglomerating, pre.ssing 
and cooling ; (3) steam and power equipment. 

The incoming wagons with supplies are directed according to the class and 
condition of the coal, either to a washery or dryer reception bin, or to one or other 
of three main reception bins, all of which are constructed of reinforced concrete, and 
arranged below ground level. Over each of these bins extends an intake siding 
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for the ])aiiicular claas of (’hal, dischargetof the wagon therein being effected by 
direct acting hvdraidic ti|is, two of whiclilare provided for eacli bin so tliat wagons 
may be tip])ed from either end. Tlie wagons after ))eing diseharged .pass auto¬ 
matically by gravity- on to the low level sidings. 

t'ort/ Washenj. The coal is raised by a totally enclosed elevator to the upper 
part of the washei;y building, where the washing plant is locat(Hl, the lower part of 
this building containing the bunkers both for the washed coal and the e.xtracted 
shah>. 

'I'lie cleaning oi' washing |)rocess iirovides for the extraction of the ash forming 
coiLstituents of the coal. dirt, shah', <'tc., which matciial is elevated by two })eTforat('(l 
bucket elevators to a bunker. The washed coal pa,sses over drainage sieves and 
then to vibrating screens, where it is classified or graded in sizes IJ in. to 1 [• in.. 
U in. to I iti., and if de.sired, .i in, to { in., these being delivered by clintes direct to 
their re.spectiv(' bunkers. The “ fines ” pass over a concentratoi’ on to viluating 
screens where it is drained, and finally to a scra])er conveyor above the storage 
bunkers for distrilnition thereto. 

The washery provides for automatic and continuous recovery of the .settled 
slurry from the circulating water, which is utilised by di.stribiitioii among the 
washed “ tines " for the works. 

After draining, the “fines" with the loncentrated slurry is withdrawn from 
the bunkers as reijuired by means of a second .scraper conveyor umh'rneath. 'I’his 
convevor transfers the fuel to an elevator, which in turn delivers it on to a band 
conveyor, whence it passes to the dryers. 

tVa/7 Dnjinij. .After drainage in the washery bins the “ lines ” for fiu'l manu¬ 
facture have a moisture content of a))proximately 10 to 12 per cent., which in the 
divers is reduced to about 2 per cent. The dryers embody .several novel fi'atures, 
providing for adjustmi'iit to .suit both the class of coal and the moisture content, 
as also provision for controlling the temperature for drying and the cooling of the 
coal before its discharge. 

The di vers are constructed in units, so that one or more units may be out of 
use as de.sired. Each unit comprises vertical sections, forming hollow walls for the 
pa.s.sage of th(' coal to be dried, the sections being arranged in polygon form around 
a central flue. The coal is delivered from the washery by a conveyor to hoppers, 
which form the iijiper jiart. of the dryers, and the hollow walls are thus filled by 
gravity. These are constructed slightly wider at the base than at the top to ensure 
free movement of the coal, and are also so con.structed ns to jiermit of the passage of 
the heating gases. Around I'ach dryer unit is fi.xed an air trunk which is connected 
with a suction fan. whereby thi' hot gases are drawn uji the central flue and through 
the \talls of coal. The moisture is thus extracted with the moist gases or air. 

The arrangement of these vertical walls of coal provides a large effective area 
for the passage of the drying gases, which are admitted near the base of the dryer,s 
and regulated by a valve. At the outer side of each wall valves are also provided 
to ensure even distribution of the gases. The walls are sub-divided hcrizontally so 
that the coal cyin be cooled in the lower section befiwe discharge. 
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Discharfie is effected and controlled at the base, where the coal falls from the 
walls on to a slowly revolvini; table, the speed of which may be varied as desired, 
thus providing' for variation in the time of passage of coal through the dryer, ■'Phe 
coal is finally delivered from the table by means of “ ploughs ” to an inclined belt 
conveyor for transference to an elevated bin, from which the dried coal is diseliarocd 
as required to one or other of the main reception bins for the fuel,mal<ina process. 

Not only does the drying ecpiipment deal with coal from the washery, but other 
specialblend ” coals, which, wliih^ not re(iuirin<r washing, have too hi<rh a moisture 
content, can delivered to the dryem. 

BriqiieUiim PmenK. The main rec(‘ption bins already rebuTed to are jn-ovided 
at their outlets with nw'olvinf; tables for automatically measuring the delivery and 
bleudinc' of the different classes of coal to lx- used in the manufacture of the fuel. 
The.so table measurers, which each have a capacity of up to 120 tons of coal |x'r 
hour, are sm-ved by pans connect('d with the bins, each ]ian beiii” fitted with two 
adjustable d(X)rs for re"nlatino tlu' delivery of coal to the table. Di.scharce from 
the table measurers is effected by means of “ ploughs," and the res|)ective coals 
then puss into a continuous worm conveyor, which serves to mix thimi together 
aixl with the binding materials, the binder beiny a<hled to the coal in this mi.xiny 
conveyor. 

The pitch binder is first discharged from its reception liin into a crusher, from 
which it is raised by means of a bucket elevatoi' to a smaller delivery bin. From 
this bin it passes to a specially desij»ned rotary measuring ap|)aratus, which mav be 
adjusted while in motion to any reipiired |)roport,ion. Hefore (lis<liarye into tlx^ 
continuous worm conveyor or tni.xinj;- conveyor, already referred to, the ])itch is 
tjranulated in a disirffa^yrator. Other binditio ingredient is also added to the correct 
projxntions of cold and ])itcli, which havi^ been delivered to the convevor. 

The wdi ni conveyor, which ]irovides for preliminary mixing, serves a large and 
totally enclosed bucket elevator, the function of which is to feed granulators of 
special construction, wlnuein the fuel mixture of coal and binding ingredients is 
reduced to granular form. 

.\fter granulation tlie fuel mi.xtui’c passes by way of a screen and lotary feeder 
on to a short belt, conveyor, which serves a large bucket elevator which delivers the 
granulated mixture into a main distrilnition bin ]irovided with three outlets. From 
the eentre outlet the mi.xture jxisses by means of a .steel chute into a vertical pug 
mill heater, The other two outlets serve two distributing elevatm-s. each of which 
feeds a subsidiary liistributing bin. which also suiqily another two heater pug mills 
by means of steel chute's. 

The fuel mixture having Ix'en thoroughly heated by means of highly superheated 
steam, and agglonu'ratt'd in the pug mills to a jiroper consistency and temperature, 
is then deliven'd to the pans of the jwesses by means of conveyors of the paddle 
type. During its jiassage through the conveyors it is tempered or cixiled to the 
correct degree for moulding into bri([uette form. The jiaus of the ])resses an' 
proviiled with stirrer arms which serve to feed the linished fiu'l mixture, to the mould 
tables of the presses, thus ensuring proper filling of the moulds. „ 
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The presses are of improved 
(hisign and construction. Each 
press has two tables, and each 
table is provided with eight 
moulds, the moulds having vari¬ 
able capacity and intendiangeable 
liners of special metal. It is 
thus possible to produce sixteen 
briquettes of from '2‘2 to 20 lbs. 
each (10 or 12 kgs.) W(‘ight, or 
alternatively thirty-two bri([uettes 
of about 11 lbs. (f) kgs.) (>ach at 
every revolution of tlu; tables. 
The normal capacity of a press is 
. from about 29 tons to O.O tons 
of bri([uettes per hour. 

Each ])ress is fitted with a 
clutcli, enabling either of the two 
tables to be startl'd or stopped 
independently. The briquettes 
are automatically pushed off the 
tables of the ])resses on to roller 
conveyors, which are designed for 
automatic operation. The con¬ 
veyors feed forked elevators which 
raise the briipiettes to a, loading 
stage, above the pre.ss lloor, where 
they are delivered to other roller 
conveyors and loaded on to j)lat- 
form trolleys of about 95 cwts. 
capacity. The briquettes are 
thus cooled and stored on an 
extensive stage ready for ship¬ 
ment. 

S[)ecial attention is directed 
to the scientific selection of coals, 
which are purchased to mi'ct 
delinite and specified conditions. 
Chemical laboratories are pro¬ 
vided completely equipped for 
anaiysis and testing of the coal, 
binding ingredients, fuel mix¬ 
tures, and the linished briipiettes, 
which are systematically analysed. 
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The power equipment comj)rises steani boilers with a triple expansion engine, 
i'lcctricity supply, both for power piu'poses.nnd lighting, and also hydraulic power for 
certain sj)ecial requirements. 

The buildings, which are stcid-framed .structures, com[>rise three nuiin se,ctions— 
the press hou.se, the power hou.se, and the mixing and measuring .section at a lower 
level. Adjoining tjiis s(!ction are the main receidiou bins, which are also roofed in. 

Inirae<liately outside! the building, and adjoining the press hou.se, is the storage 
and shipping stage, an imposing .strm'turi! of ferro coiKfrete, which is tlui full width 
of the |)re.s.s house, and extends to the .ship[iing wharf. 

Extensive sidings are available for the storage of coal in wagons, and also large 
ground .storage! sjiace!. For the hanelling of the briepie-tte's the! arrangememts are 
ve'ry complete, ceeinprising a very comprehensive trolley stystem, with auteimatie 
weighing machines anel electrie' crane's, the! trolleys iqeeen which the fue'l is stacke'el 
wheel elischargeel from the press hou.se! Iieing lifteel liy the! elee'tric e'ranes iinel leiwereel 
inte) ships’ holds for unloaeling einel stacking. (Jeenerally the‘.se> weirks may be saiel 
te) emhoelv not oeilv the! latest impreivements in mamifiictiire, but alsei the most 
cemiple'te! facilities feir mi'ehanie'al hanelling :inel labemr .seiving. 

'I’he euitput of this weeks is mainly feir export, the briepiette's being largeely usesl 
lor leie'emiotive's. In Fig. is sheiwn a view of a steame'r being leiaeh'el with Hose 
patent fuel. 

'I'lu' ilhistratiem, Fig. oi;, sheiws the ge'ueral ariangcme'ut eif a heiepu'tting phint 
at la'eels, mamifae tureel anel installe'el by ifle'ssrs Yeaelem, .''em A (’e>., the well-kneiwn 
hrique'tte machinery makei’.s, in eirder tei ele'rneinstiate! upeeii a [iraeqical einel 
e'omrnercial .seale the possibililie-s of briquetting various e his.ses eif fue'l. 

The main floeer of thee weeks is ariiinge'el at the railway leve'l, .sei that e eial anel 
jiitch as elelive'reel e-an he eli.schargeel elirectly to the beleet ejf the! ceeal I'levateer anel 
pitch e rae-ke'r res|)e'ctively, while the platform jereivieh's feir leiaeling the! briepielte's 
elirect into railweiy wagons on the' eeie siele, eir intei ve'hich's tor ieie'al eh'livery em the: 
eithi'r sieh'. 

The! [litcli after passing through the crackeer is elevateel tei thee mi.xer, whe'ie it 
mee'ts the! ceial raiseel by the ceial eh'vateir. 'riie mixeel material jiasse's eleiwn a ehute 
anel eivei- a magnetic seeparateir intei the elisintegrateir, freen which it is raise'el by a 
bucke't elevator anel delivereel into a screw conve'yor |ilaceel be'twi'e'ii the! two pre- 
heateirs serving the Keectangular anel Ovoiel pre's.se's rcspe'ctivi'ly. The! conveyeir is 
•so arrange-el that the whole eif the material may be eleilivere'el to e'ither press eir 
appeirtioneel to both prc'sse's simultaneously. The! eirushing, mixing, anel eiuxiliary 
plant generally is e'epial tei the full e'eipacily eif beith jiri:.s.se!s. 

The jireisse's whie'h are! shown in Fig. t>7 are arrangeel siele by sieh'. The! Oveiiel 
press,'which has a capacity of 4 teins [ler hemr of eiz. Oveiiels, delivering its product 
on to a short e'eniveyor, upon h'aving which the briepiettes are sutficieently ceiol for 
leiading. A ceirtain [iroportion eif the out|)ut is elispiitcheel in railway weigons, but 
the bulk is bagged. 

The Keertangular jiress has a e'apacity of (i terns peer hour, and preieluces four 11). 
briejuettes in ojie operation, the variatiem in weigkt not exce'eding half an ounce. 



143' 


• BRIQUETTES AND BRIQUETTING 

\ 

This press is provided with a simple absolute locking motion, whicli eliminates tin; 
possibility of over-rnnning. The maohiiri discharges on to a short band conveyor, 
from which the briquettes are removed by hand for loading or stacking. 

In Figs. .'58 and .'59 respectively are shown the latest types of Yeadon briepiette! 
presses, the former being a standard Ovoid press having a capacity of 10 tons per 
hour, whil(! the latter is a standard Rectangular pn'ss having q caj)acity of 10 to 



Ktu. 7u. Vi:.\nctN Ovttiii ani> KK(’r.4N(!n.AK RRiQi KrnstJ I’rkssks 

AT LiCKDS HRlQrKTTTNtl WOKKS. 


12 loirs per hour. Fig. tiO illustrates the simultaneous di.scharge and loading of 
Rectangular and Ovoid briquettes at the Cramlingtou Collicrv of the Cramlington 
Coal Co., Ltd., the former being taken from a conveyor and hand .stackeil, while the 
latt(“r are being discharged from an overhead conveyor into a second line of wagons. 

The illustration. Fig. (il, is a conqiosite vdew showing on tln^ Hoor 91 lbs. of small 
coal and 9 lbs. of pitch, and on the table twenty-live 2| lb. Rectangidar briipiettes 
and two piles of 24 w.. Ovoids, the [iroduct of the 100 lbs. mi.xture. For the use 
of this photograph the author is .ndebted to Me.ssrs Yeadon, Son & Co., of Leeds. 
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Fus. r).S.—Y eadon’s Standard Ovojd HRigi ETTiNu Press. 
C’apacitv, 10 Tons per Hoi k. 
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Two briquetting plants designed by Messrs W. Johnson & Sons, Ltd., of Leeds, 
are shown in Figs. (52 and C3 respectively, the former being a standard Ovoid plant, 



Frn. .TO.—Veaiion’s Sta.sd.mid HECTAM«n.Au Rkiqi'f.ttinci I’hkss. 

Capacitv, 10 TO 12 To.n.s PKK llot'K. 

having a capacity of 10 tons per hour, and the latter a plant capable of producing 
either 20 tons of Rectangular briquettes or alternatively 20 tons of Ovoids per hour. 

Referring to Fig. 62 the coal may be discharged direct from railway wagons 
into the bunker A, from which it is lifted by the elevator R into the hopper C, 
which has a capacity sufficient to supply the plant for from two to three hours. 

K 
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The j)itch wlien delivered is stored in the basement D, where it is eracked to 
about 1-ineIi eubts or less in the pitch cracker E, and raised l)y thi? elevator E into 
the j)itch storage hop])er (I, tin; ca])acity of wliicli is etpiivalcnt to that of the coal 
storage hopper C', already refcrrisl to. 

lleneath the hoppers, () and (1, automatic mea.siiring apparatus is |)rovided, 
arranged to mea.sure and deliv(‘r both coal and pitch in the reijuircd proportions 
into th(! mixer H. 

In the mixer the coal and pitch are intimately mixed, being then carried 
forward and (h'livercd to the disintegrator .T, where the mixture is reduced to a lino 





Flu. 0(1. — f.UADINO l?IIIgCErTKS AT CllAMI.ISUTON CoLl.lEKY. 

(Crami.inutos Cuai, Co., I.to.) 

[lowder and further incorporated, after which it is lifted by the elevator K and 
discharged in the service hopper Jj. This hojiper has a. capacity equal to supjilving 
the plant tor from one to two hours. 

■From the service hopper L the mixture is discharged by gravity to the vertical 
heater or fluxor M, where superheated steam up to a temperature of about 500° F. 
{depending upon the class of coal, pitch and moisture content) is injected into the 
mixture, which is kept in gentle motion by means of a stirring shaft. This combined 
action brings the mixture down to the required even consistency. 

In this condition the mixture is too hot for vse, and is therefore fed from the 
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heiiter into a cooling conveyor N, which delivers it to the press, at the smne. time 
hy atmospheric exi)o.surc sufficiently reducing the t<'mperaturc for hri(iuetting. 

From the cooling conveyor the mixture is delivered to the press 0, in which 
the Ovoids are mouhhid and discharged on to a conveyor or other suitable, recejjtjuffi'. 

From this point the method of handling adopted depends entirely upon particular 
or individual requirennmts. Tn the scheme shown in Fig. (12 4he. hriciucttcs art? 
discharged from the. pres.s on to a conv(;yor, which in liirn discharges on to a dis¬ 
tributing conveyor, which delivers the finished Ovoids into loading bimker.s, rvhich 



OMPOSITE VlliW, SHOWING SmAM., CoAl., I'lTI'll, AM) HkIQI'KTTES. 

nniy lie arranged to discharge either into railway wagoius or into a shiji’s hold, d’he 
distance hetween t he loading bunkers and the press is arranged to provide for cooling 
in transit so that the bihpiettes in cooling form a hard .skin. 

Th(“ jilant illustrated in Fig. 62 is ojierated in precisely the same manner as the 
plant already described, with the e.xception that the Ovoid section of the jdant is 
served hy means of a conveyor from the service hopper A. 

In connection with the Rectangular briquette section of the jilant, the [iroccss 
is identical uji to the stage when the hriquettes are rlischarged from the press. At 
this stage they are lilted on to flat bottom trucks which are run out to the storage 
sfiacc. " 
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Kio. f>3. -COMPLETB Ai.tkrnativk Johnson Brkjukttino Plant, for 
Rrotanuolar or Ovoiu Briouettbs. 
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Ht^re it is desirable that tlie bri(|U(;ttes sluuild be left for about forty-oijiht 
houTs to cool and lianhui, after wliieli, i,f required for sea transport, tlie loaded 



t'la. 01. .Tdiisson’s VuRTieAi, Taulf. HECTANe.eFAK BKUii'ETTixd 1 ’rkss. 


truck may be lifted and lowered into the hold of the ship, the blocks then bciiiR 
removed and stacked. 

In the case of rail transport the loaded trucks are run alongside the railway 
wagons, which are loaded by hand. 

Fig. Cl shows Jlcssrs Johnson’s latest type vertical table rectangular briquette 
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Kki. (if).—.I ohnson’s KVDi.vfx^; 'r.Mii.K Mkasi kkij. 



Fig. fill—D riving Mechanism K<tK a Johnson Kotary Tvj’E Dryer. 
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press, in Fig. 65 the revolving table typo of niea.siirer which is connected direct 
to the mixer is shown, and in Fig. 60 tire driving mechani.sm for a rotary type 
dryer. 

Jiriquellmj without a Bhider. .Hitherto the manufacttirc of briqu(>ttes without 

the use of a binding medium has been limited to the briquetting of brown coal in 
(lerrnany, but, as^the result of many years of experimental and research work, a 
company founded by the late Lord Rhondda—Pure Poal Rriquette.s, Ltd.—have 
perfected a proce.ss of briqmdting without the use? of a binder. 

Briefly the ])rocess comprises initial grinding of the coal to a re(juired condition 
of fineness, and then l)riquetting it under heavy ])ressure, in .specially designed 
presses, either of the " Flmperoror Ovoid ty])e. Ovoid briquettes may thus be 
mad(! in any siz<‘ nspiired, and block briquettes up to 10 in. x 7 in. x5 in. and weighing 
15 lbs. each. 

Alternatively if desired an “ artificial coal ” may be jtroduced from fines in 
the form of irregularly .shaped nodules, of a size suitable for industrial purposes. 
As no binding material is used, the analysis of the briquettes and the fuel from which 
they are made is identical. It has, however, been shown by comparative! evaporative 
tests that the briquetted coal offers considerable advantages over the raw coal. 
These advantages may be briefly summarise!!! eis follow's:— 

(«) In mexst case's the briepie-ttes are harder than lump coal, and will 
.stand transport anel handling be-tter; this is particularly m.arked with soft 
ceails. 

(h) If made from house coal the! briquettes bum aelminibly in a elomestic 
grate, giving a fire which yielels a more effee'tive raeliation than that from 
lumj) coal. 

(c) For inelustrial use the briquette's are better than lump coal for the feelleewing 
reaseens 

(1) It is well known that the boiler efficiency eebtained with briepiettes is higher 
than that obtaineeel with e'eeal of equivident calorific value. 

(2) In a se'rie's of evapeerative tests made at the Seeuth Wales Se'heKel of Mine's, 
comparative te'Sts were maelee with a South Wales ste'am coeil, pure eeeal briquettes, 
anel peitent fuel with a pitch binder, all freem the same original eeeal, when it was 
shown that the pure coal briepiettes were epiite as smeekeless as the' original coal, 
that they gave a remarkably high value! in heat transmission, that the rate of heat 
transmi.ssion was higher than from the original eeeal, that it was nwre advantageous 
in rapiel steam genieration, that a more eeven furnace tempterature was maintaine'el 
with a freedom freem clinker aelherence. 

As the result eef a te.st of 5 tons of pure! coal briepiettes carrieel out by officials 
of till! French Ailmiralty, the eijiinion was eexpressed that the briquettiM fuel was 
.superior to South AV^ales steam coal. 

It is claimeil ferr these briquettes that they will comjely with the specified 
require!ments for mamifactureel fuel in .stability, harilne.ss, atmo.spheric exposure, 
and immersion in water. Further, that the smoke producing properties of pitch 
briquettes are not shewn. With high volatile coal, it is possible to incorporate a 
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considerable proportion of coke breeze, but this fuel cannot be' added unless the 
coal has a volatile cxmtent of from 25 to 35 per cent. 

In a paper* read before the Society of Chemical Industry by E. R. Sutcliffe, 
m,, Ex., A.M.I.M.E., and Edgar C. Evans, B.Sc., F.I.C., M.I.M.E., entitled “ The 
Influence of Structure on the Combustibility and other Properties of Solid Fiicls,” 
the authors thus referred to briquetting and also the process of manufacture without 
the use of binding material. * 

(1) “ Briquettes can be readily transported, handled, and stored for an indefinite 
perio<l without deterioration. (2) Briquettes when burnt on locomotives under 
standard conditions show an increased boiler efficiency over coal of the .same calorific 
value, amounting to 15 per cent, in favtnir of the briquettes. (3) It lias been 
demonstrated that 25 per cent, more briquettes than coal can be burned per square 
foot of grate area per hour. 

In other words, briquettes are more combustible than raw coal, a result entirely 
due to the difference in structure between briquettes and coal. 

The principal advantages of brkiuettes can ultimately be attributed to their 
homogeneity both in respe<;t to structure and to the size of the particles of which 
they are constituted. 

Briquettes made with pitch in the usual way are not entirely homogeneous. 
The coarsely gromid coal from which they are made is not uniform in size, and the 
pitch introduces a further complication. 

A stage further in the direction of homogeneity can, however, be obtained by 
making briquettes without the addition of binding material, the briquettes thus 
consisting of uniformly sized particles of the raw coal itself, cemented together by 
the binding material in the coal substance. Briquettes of this type can be obtained 
by finely grinding the coal and subjecting it, under suitable conditions, to a pressure 
of about 10 tons per square inch. For all practical purposes briquettes of this type 
can be regarded as solidified coal dust, tiny are considerably more homogeneous in 
structiure than any of the fuels yet dealt with, and a study of their properties 
serves to illustrate in many ways the effect of structure on the general properties 
of buds. 

Details of the comparative tests of raw coal, briquettes made with pitch, and 
pure coal briquettes, which have already been refernal to, are givcm in the following 
table. These tests were made umhsr uniform conditions, with a constant draught 
of 0-6 in. in each case. The briquettes made without a binder burned away so 
quickly that with the thin fires maintained it was found very difficult to keep the 
grate fully covered at the end of the charging period. The efficiency, therefore, 
was reduced, and a better result could have been obtained either l)y reducing the 
draught or working the boiler at a higher capacily. 

^ .S(‘o .Tournal of tho Sixjioty of Chemical industry, .lunn IJOth, 1922, vol. xH., No. 12, i»p. 
l9t)T.29s T. 
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TAB1.E No. 3-1 

Smnimr;/ of CoMimralire TestH nmlc at the South IValex School of Mines 


• KiU‘1. 

Ultimate Analysis - 

Kaw Coal. 

IlriquelOvs 
made with 
piteh. 

Pure (V)fi 
BntjiuTU 


Per C(*ia. 

Per cent. 

Per eeiil. 

C^irboii 

8()-3 

82-3 

82-1 

llvclrofiPi) . 

1-3 

4-() 

4-1 

Ash .... 

4-2 

8-3(1 

7-71 

iSul])hiir 

O-!!.') 

((•1»8 

M.7 

O.xygon 1 

Nitrofren J 

4-2 

4-42 

4-!M 

Moistim; in coal 

()-77 

!•() 

0-85 


Analysis of Boiler Ash- 


Moisture ..... 

2-37 

0-23 

0-85 

Ash. 

;■) 1-8(1 

03-25 

34 -25 

Carbonaceous matter . 

45-83 

30-52 

04-9 

'lue (las Analysis — 

Carbon dioxide .... 

5-(14 

5-2 

5-9 

Carbon monoxide 

nil 

nil 

nil 

Oxyoe.n ..... 

15-00 

15-00 

14-5 

Nitrogen ..... 

7!)-!)() 

79-80 

79-0 

Heat tran.sfcrred to water per lb. of 
dried coal, B.T.U., lower value . 

7,240 

(i.550-4 

0,9!»7 

Calorific value of dried coal, B.T.U. 

14.781 

14,182 

13,937 

Heat transmitted per sq. ft. of heat¬ 
in'; .surface per hour, B.T.U. 

4,070 

4,039 

4,0.50 

Weight of dried fuel fired per sq. ft. 
of grate area per hour, lbs. 

13-78 

15-05 

10-3 

Equivalent evaporation of water 
from and at 212" F. jicr lb. of 
dried fuel, lbs. 

7-.52 

0-85 

7-25 

Weight of feed from and at 212“ F. 
per sq. ft. of heating surface per 
hour, lbs. .... 

4-225 

4-225 

4-81 

Equivalent evaporation per lb. of 
carbon value of fuel, from and at 
212“ F., lbs. 

7-3! 

7-31 

7-55 
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Tlu'se tests, wliilo beinjj; admittedly imperfect in several respects, sliow that 
the combustibility of briipiettes fuel iucceased with t he dejjree of fiiieuess of I he 
coal, and with tlie homogeneity of the product. 

As the result of research, it has f)een shown that ]mre coal bri<|uettes ott'ci- 
great possibilities in carbonisation, both in the extraction of by-products and in 
the production of a smokeless fuel. J5y grinding the coal to a suitable size, 
approximately to pass through a 3()-mesh sie\'e, with about 20 to 25 per cent, of 
jrreviously carbonised coal, or coke breeze, and brii|uetting the mixture in an Ovoid 
press without a binder, a briquettt^ is obtained which docs not swell in the iet(nt, 
but which will in fact pass through tin; retort without losing its shape, while the 
coke discharged will be either of tin; same size as the, original Ijiiquette or a smaller 
size, depending upon the character of the coal used. 

AVhen the briquettes are to be carboniscal it is not necessary to subject them 
to the heavy pressure rc(|uired for the pioduction of ])ur(; coal briipicttes, it is onlv 
necessary to make the In-iquettes sufficiently coliercnt to .stand up in the carlv 
•stages i)f the carbonising process. 

Tlu^ washing of the coal in order to reduce tlie ash content to the minimum 
is d(“sirable, as also drying. 

]5ri(|U(Utes produced in the jneliminarv process can be carbonised in any gas 
retort or coke oven. The product obtained is a fuel eminently suitable for use 
in suction gas jiioductus and for domestic ])ur]M)scs, citlnu' in o])en grates, or in 
anthracite stoves. 

If carbonised in a coke oven it is claimed that the resulting ])roduct otfers 
the following advantages ovei’ foundry coke : - 

(1) It has ])roperties very similar to <'harcoal in combustion. It is well known 
tliat charcoal furnaces liave a (uirbon consumption frequently 50 per cent, lower 
than coke fired furnaces, and it is hoj)ed that if this fuel la; used on a large scale 
for blast furnace ])racticc, that a. saving of 2 to 3 ewts. ])cr ton of pig-iron will 
be cllected. 

(2) The density of the coke is considerably greater than that of furnace coke, 
and owing to the, greater space available for ore and flux, the (rapacity of the furnace 
will be increased by 15 ])cr cent. 

(3) The coke will retain its .shajar practically down to the oxidi,sing zone of 
the bottom of the furnace. There owing to its active nature it will be consumed 
at a rate considerably greater than in the case of furnace (oke, resulting in an 
intense concentration of heat at tlie point most rei|uircd. 

The manufacture of bihpiettes without tin; use of a binder, as also tier 
carbonisation of sucb bihpiettes, and the ])roduction of a. smokeless fuel, has great 
pos.sibilities, and future development will be watched with much interest. 
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FUEL RECOVERY 

The rooovery of salctable fuel l)y separation from waste fuel, ash, and clinker, is 
not an innovation. For many years past in the larger oas-works in this and 
other countries washing plant has been successfully u.sed for the recovery of- coke 
and coke breeze from pan ash from retort settings, and the percentage of graded 
fuel recovered has undoubtedly justified the installation of expensive plant. 

I’ntil within the past three years no plant of this kind has been available for 
the smaller gas-works, as also for the economical tri'atment of waste from steam boiler 
and other furnaces. AVhile there has been a general desiie upon the part of gas 
engineers to recover saleable fuel from waste, the capital cost of suitable plant lias 
been much too high, and the cost of hand screening and picking has been pro¬ 
hibitive in many cases owing to the cost of labour. With the increased cost of 
coal, and accordingly the enhanced value of coke and breeze, the recovery of the 
maximum projiortion of saleable fuel has become impewtive. The recent develop¬ 
ment of simple and e.xpensive plant for the seiiaration and recovery of fuel from 
incombustible waste has led to its rapid adoption not only in Great Britain, but 
in other countries. 

As will be .shovm, fuel recovery is no longer confined to gas-works. On the 
Continent such jilant is uoav extensively used by railways, electric power stations, 
and industrial works. 

The German railways, for iirstance, were formerly only able to utilise from 
55 to 77 per cent, of the combustible in the coal, the balance—clinker, cinder, and 
ash - having been regarded as v.alueless, although it has since been shown to contain 
50 per cent, or more' of combustible material. 

It was reported by the United States Consul at Frankfort-on-Main, that thirteen 
large, recovery Avorks, having a total handling capacity of 420,(K)0 tons of ash and 
cinder per annum, are now either in operation or under construction. The ipiantity 
of coke obtained is estimated at l()4,00tl tons, with an average calorific value of 
6500 B.T.U.’s per lb., compared with 7000 B.T.lJ.’s per lb. for hard coal. The 
fine coke, with the addition of fine coal, and hard pitch is used in the manufacture 
of briquettes ; about 74,000 tons of briquettes being thus obtained, having a calorific 
value of 1)500 B.T.U.’s per lb. 

The proportion of unburned and partially burned fuel which is lost in the remov'al 
of clinker and ash both from hand and machine fired furnaces, and not only in 
connection with steam boilers, is Avell known to be serious. This loss, which varies 
considerably, is due to a number of factors ; it .may be as low as 10 per cent. 

1S6 



FUEL RECOVERY 157. 

or even less, but in a very large number of works it is not less than from 20 per cent, 
to 30 per cent. So heavy is the loss of combustible through riddhng, uiusatisfactory 
combu.stion, and in the case of hand fired furnaces • -carelessness in the cleaning 
of fires, that this source of loss can no longer be disregarded. 

Apart from the actual waste and loss of fuel, the co.st of haulage and disposal 
of ash and clinker is a serious item in the cost of steam generation. Fuel recovery, 
therefore, is well worth serious consideration, not only because of tlie proportion 
and value of the fuel recovered, but also because it correspondingly reduces the 
cost of disposal. 

Most of the systems of fuel recovery in use employ water, some of these pro¬ 
cesses will be described and illusti-ate(l as also a recently introduced German 
process of magnetic separation. 

The Columbus Coke Sepabatou 

The Columbus coke .separator, which is illustrated in Figs. (>7 and (ik, is now 
in use in a number of gas-works for the recovery of cok(‘ from the a.shes from 



regeiuuative retoi-t settings. This simple tyj)e of S(^])ara(or, which is made in three 
siz(‘s viz., 2, 1, and f) to 13 cubic yards capacity per hour—may be briefly desmibcd 
as follows:— 

TTu! apparatus comprises two main j)arts : a rotary screen into which the 
nmtmial is fed, and the separator ])ropei'. The material first passes a fine mesh 
rotary screen which rejects the fine diist, tluuice through a second rotary screen 
having a 3]-in. nuisli, which ejects the larger pieces of clinker. From this screen 
the material is delivered into the separator chamber, which consists of a sheet-iron 
container, within which revolve in separate compartments two super-imposed 
worm conveyors. The container is kept half filled with water, the specific gravity of 
which is increased by the admixture of clay, loam, or any similar suitable material. 

Upon falling into this liquid the heavy clinker and incombustible sinks, while 
the lighter coke floats on the surface. The upper worm conveyor, wdiich is so set 
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as to travel well below the working level of the liquid, conveys the combustible 
to a disebui'ging shoot. The lower worm' conveyor, which is set at the bottom of 
the tank, lemoves the incombustible. pas.sing the same to a separate discharge 
shoot. 

The smallest size of plant is arranged for feeding by hand, the larger sizes arc 
automatically fed by means of an eh‘vafor conveyor. If desired in connection uith 
the laTg<‘r plants, additional screens may be provided to grade the recovered fuel 
in sizes down to | in. 



Kid. 08.- Tim (''(ir,i',Miii's Cukk Ski’.-ikatok .at HiniMoxi) (ScuiiKV) (Ias tViiuK'.!. 


Tlie power rciiuirisl for operation varies from 11 11.1’. to 4 Jf.l’., according to 
the capacity of the plant, which reipiires but the minimum of unskilled labour. 

A te.st of a Columbus sejmrator of the smallest size at the works of the 
Kichmond (las Company, Richmond, 8uney, in November 1922, with wet pan 
ash breeze gave the following results : ■ 


Weight of pan ash breeze 

'r<jns. 

('W(8. 

Q.S. 

Cubic 

yunls. 

I'cr 

cent. 

treated .... 

0 

9 

2 

10 


W’^eight of coke recovered 
Weight of fine dust and breeze 

2 

12 

0 

4'5 

- 40'3 per cent. 

recovered 

1 

15 

0 

- 2-75 

--27-1 .. 

Weight of clinker 

») 

2 

0 

- 2-75 

=-32-() 


The time occupied in treating 10 cubic yards of ash as above was 3 hours 
50 minutes. 
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I he following tabulated data showing the percentages of coke recovered with 
Columbus separators at a number of ^as-works, not only show’ a reniarkablc 
uniformity, but also serve to dciiiionstrate that the percentage recovery is such 
as to more than justify the provision of recovery plant. 



Cuke. 

Cluiki.T. 

Kino Asli. 


Per eeiit. 

IVr (‘('lit. 

Pop cont. 

Blackburn 

■14 


33 

Brighton . 

13 

:V2 

2.0 

Hampton Wick 

54-] 

lt;-7 

2!l-2 

l.ea Bridge 

4l-(i 

2 In 

3()-!) 

Nelson 

42-1.0 

2()-41 

31-41 

Ox fol d 

43-1 

20-0 

31-i) 

liichmond 

4()-3 

;i2-(i 

27-1 

Southampton 

.TM2 

22-3!) 

24-I7 (hal gas jdant 


41-tie. 

31 dll 

(tirbiiretted 




1 water gas 1 hint 


Crotfdon Gas CoM])anif 


l)il}Vri-in r 


"3 3 

.Moldl' 

|B>wor. 

Dale.' 
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The Coulson Pan Breeze Washer 

The Cfoiilsoii ])an lueeze washer, which coml)ines a rotary washer witli a screen 
for iffading. is iierhayis one of the i)est-known types in use, in the huger gas-works 
both in fjondon and in the jjrovinces for the na’overy of coke, and cok(! l)reeze from 
what is geiK'rally known as pan breeze. 

Althougli the arrangement of tlie plant may be vajied to some! extent to meet 
particular re(purements, in its standard form it comprises a rotary screen in com¬ 
bination wdth a rotaiy washer barrel or drum ; the senam is used for the separation 
or grading of the mat(nial into various sizes, and the washer to seiiarate the clinkcu- 
from the coke. The. water used may be, returned through the cychi repeatedly, the 
whole, phint btdng driven by means of a gas engine or any other source of power 
prefernsd as may be most convenient. 

A typical Coulson jdant at the Nine Elms (las-Works of The («as Light and 
Poke, Company wdiich is driven by a 10 11.P. gas engine may be thus briefly 
describcal:— 

The pan breeze brought from the several retort houses is fed into the boot of a 

‘ Pai. breeze from coal gas plant. 





'AN- Asm W’ASHiNn Pi.ant. 
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l)Uckot elevator throiigli a grating at floor levifl, tlie largco- Irmps being broken by 
liand. The elevator delivers the material to an inclined rotary sercen, in three 
sections: dust, fine, and large. The dust is delivered into a shoot from which vehicles 
may be loaded, the fine and the large material j)ass to their res])ective steel plate 
Inmkei’s. The large material which does not pass through the screen falls from 
the end of it on to a picking band, from which the large pieigs of clinker are 
removed by hand, while the large coke drops from the nitiirn end of the bell into 
a loading spout. 

With two sizes of material available in their respective bunkers— ie. fine, and 
large --the.se are now ready for separat(! treatment in the rotary washei’, with which 
the bunkers eotmminicate by means of a slightly inclined spout, into which the 
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water for washing is delivered by a ceiiti ifugal {luni)). 'Phe pan breeze is thus flooded 
down into the washer barrel. This barrel is set at. a slight inclination, and tor the 
greater ]>art of its length is made of solid plate, only a few feet at the lower end 
being linelv perforated to allow thi- Ai'ater to drain oH from the coke, the \vitei- 
I'eturning to a settling tank below the structuris whence it is drawn back again by 
the centrifugal pump. A dredging elevator is ])rovidod for periodical removal ot 
the silt, provision also being made for preventing the choking of the jmni]) 
suction. Glean coke is discharged at the lower end of the washer barrel, which 

internally has two helixes ; the o*ie in the upper or solid portion of the washer is 

I, 
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so arranged- as to (lisr-harge all clinker at this point, while the low'cr helix in the 
perforated end of the washer discharge's the clean drained coke or breeze as 
the ease may be. 

The Coulson washer is illustrated in Figs. G9 and 70. 

< Thk M^guin Ash Washkk 

The Meguin ash washer, made by Meguin Actien (xesell.schaft of Butsibach, 
Hessen, Germany, is ilhistrated in Fig. 71, the method of operation being as 
follows 

The ashes are ti])ped on to a grid cowring the ])it (a), (he grid comprising bars 



spaced about 70 mm. apart; lumps over 70 mm. in size are retained on the grid, and 
if composed of combustible entirely, or in combination with clinker, may be broken 
or picked out by hand. The material then drops into the hopper of the elevator (6), 
by which it is delivered on to the classifying screen (s), where it is separated into 
two sizes, viz., from 0-8 mm., which material is usually rejected, and 8-70 mm., 
which passes into the washer (c), where the combustible is separated from the incom¬ 
bustible. The former, being lighter, passes over the w-asher, while the heavier and 
incombustible material passes through the washer box, leaving at the base, and 
passing into the dirt elevator (E). 

The recovered coke passes from the washer on to the rigid screen (d), where it is 
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drained, and is then finally delivered into waggons. The incombustible residue is 
lifted by the elevator and discharged into trucks or waggons for removal. 

The water used in the wa.shing process is drained into the settling tank P I 
and conveyed to the washer for further use. The plant may be driven from an 
e.xi.sting shaft or by means of a motor and intermediate shafting. In Fig. 72 is 
illustrated a Meguin ash washer at Wandsbeck (Jas-Works, near Hamburg, where it 
is claimed that the percentage recovery is from 50 to (iO per cent. 

The type of .Meguin combined ash washing and brirjuettiiig plant as used for 
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the treatment of locomotive ash, in Germany, which has already been referred to, 
is illustrated in Fig. 73. The method of oireration is as follows - 

The material to be treated is discharged into the supply pit by means of a waggon 
tipphw. A charging cylinder Avhich is capable of slide adjustmi'iit conveys the 
material to the pit of the charging bucket elevator, Avhence it is delivered to a large 
classifying drum. 

In this drum the material is graded from 0 to 8 tnm. and 8 to 20 mm., and is 
thence delivered to two .special bunkers fitted with a regulating device, from rvhich 
it is discharged on to two ipiadnipki field magnetic separators. 

Thc.se two separator e.vtract the combustible from the incombustible, delivering 
the latter into a bunker for removal, and the former into a storage hopper for further 
treatment. Both are so stored as to permit of removal direct from the bunkers into 
tip or railway wagons. 
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From tlio fuel storage hopper th(! smallest fuel, 0 to S mm., is conveyed to the 
briquetting plant, and the larg<‘r fuel, 20 to MO mm., is conveyed by means of a chute 
fiom the screening drum to (he washer, or, if desired, to the picking belt. 
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The washer, which i.s u .special pat(!Uted feature of this process, is of the piston 
type, with which it is chiimed a complete .separation of the ash from fuel is effected. 
Tli(^ lecovcred combustible is delivered on to a screen for drainage. 

From this screen tlie fuel is conveyed to a picking belt, where any porous clinker 
or incombustible not previously separated is removed before the fuel i.s delivered 
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to a secondary screering drum arranged above the bunkers. In this drum the fuel 
is finally graded from 21 to 35 mm. and 30'to 80 mm. 

'I’he water used in the washer is run off into a precipitation or f^ilt tank, and 
thcncc passes into a storage tank for future use, being lifted from this tank to the 
washer as re(]uired by means of a centrifugal pump. 

The incombjustible ash di.scharged from the waslier is removed by means of 



a bucket elevator into the ash bunker, from which it may be delivered direct to 
lilway wagons. 

• The recovered fuel used for bri(|uetting is mixed by hand with about 8 per 
f pidveii.sed hard pitch, which is ground in a pitch mill arranged at the floor 
’ adjoining the fuel hopper. 

■'■ture of fuel and pulverised pitch being delivered into the pit of a bucket 
'^ed to the mixer, where it is very thoroughly mixed, superheated 
••ature of from about 270° to 350'' (J. being supplied to the mixer. 
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At the lower end of the mixing chamber a distributing device forces th(> mass 
into the moulds of the former plate. The briquetting press is provided with tlnee 
pressing and three expelling dies. A typieal Meguin britpietting press is illustrated 
in Fig. 74. 

The briquettes, which are usually about bO mm. long and tiO mm. in diameter, 
are discharged from the pre,ss over a screening chute on to a belt conveyor, which 
in turn discharges through an adjustable loading chute into railway wagons. 

The “ Notanos ” Pan Ash or Coke Wa.sher 

The Notanos pan ash washer, which is illu.strated in Figs. 75 and 7(i, has been 
extensively used for some years past in many of tlu^ principal gas-works in (beat 



Flu. 71).—'I'tiE Nota.nos J'an A.sn Washeu. 

Britain, and also in (’ontinental countries, for the leiovery of coke and coke breeze 
fiom pan ash. 

The washer is built up of mild steel plates, angles, etc,, securely riveted together 
to make a box section trough, ajiproximately 2 ft., 0 ins, wide by 32 ft, long. 
The trough is fitted with a screening deck, washing deck (set at an inclination), and 
draining deck carried on cast-iron roller’s, having chilled treads supported orr stools 
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of channel iron section. Tlui paths of the rollei's are fitted Avith renewable wearing 
flats, the rollcT's being held in position with steel sj)indles, conjih'd together with 
steel springs. 

The driving gear inechanisin is eonnected to the trough by rneans of a universal 
joint, which allows for any slight irregidaiities in the foutidations due to sc'ttlenient. 

The driving gear coin])rises driving and ])i'op)ilsion .shafts carried in siib.stantial 
Ijcarings lined wilh gun-nietal steps, the bearings being securely bolted to a bed 
IraiiK! built up of rolled steel .sis'tions and {dates. The projmlsion .shaft is fitted 
with an eccentric connecting lod. and the driving shaft is fitted with a heavy fly¬ 
wheel driving pidley. The powei' from the fly wlu'el is transmitted througii the 
driving shaft to the j)ro])ulsion shaft by means of a coupling or drag link. This 
driving mechanism imjiarts to the Avasher trough a practicallv uniform accelerated 
loiAvard motion, giA'ing a ))nl.sating action to the lecrovered fuel Avhen passing over 
th(“ adjustable Aveir on to the diaining deck, and a coiiAcying action to tin- clinker, 
etc., .sullicient to overcome the flow of water, and at the same time liberate anv 
cok<! likely to be carrieil aAvav Avith the elinkt>r, 

'Pile method of feeding the washer is as folloAvs : The pan ash before being fed 
on to the A\ash(‘r screen is tipped on a grid haA'ing bars .sjtaced from 2'j in. to in., 
in order to {ur'vent the larger ])ieces of coke and clinker from being fed into the 
washer. The material Avhich jias.ses through the grid is fed on to the sen'ciiing deck 
ol the Avasher by means of an elerator or other suitable jirovision, and traverses 
the length of the screen. Avhere material up to in. and under is taken out ,ind is 
not Avashed. 

^laterial e.Nceeding in. in size falls over the end of the .screening deck into the 
Ava.sher, Avhere it meets a flow of Avater ; the water, combined with the action of the 
machine, separates the coke fiom the eliidrer or other material liaA'ing a similar 
sjrecific gravity. 

The separated or recovered coke is carried doAvn the trough Avith the floAv of 
AA’ater and floats over an adjustable Aveir on to a draining deck beneath, Avhere the 
coiiA'cying action of the machine carries the coke over the draining j)late to a suitable 
point for discharge, either into a hopper or Avagons as may be desired. If it is 
re<(uircd to grade the coke, by extending the draining dec'k Avithin certain limits and 
providing sizing grids, this may be done. 

The Avater Avhieh floAAs over the AA'cir Avith tlu! coke passes through the draining 
plate, is cnllccted, and floAvs to the tank for preeijritation. This Avater is in constant 
circulation and use. 

The clinker or Avaste of sinnlar sfx'cillc gravity, being heavier than the coke, falls 
to the bottom of the Avashing deck, and coming under the conveying action of the 
macljine is carried up the washing deck again.st the reverse floAV of Avater, and in the 
oppo.site direction to that taken by the Avater and coke, to be discharged from the 
trough at the high end of the machine. 

The Notanos washer is very simple in ojreration; it is o|)en to inspection, 
easily adjusted, and, Avhen omai set to deal Avith one class or grade of material, 
does not require further attention. 
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The voliinus of wash water required iu eireulatioii is 120 gallons |)er minute, 
with sutfieieiit. make-up water to allow for waste, due to absorj)tion by the treated 
material. 

The eajiaoity of tin; wa.sher varies from to 5 tons jter hour and the power 
required for driving is 6 ll.P. A modified form of this washer is used for coal 
washing. 


Duy IIkcoveiiv hy ^[.vcnei ic Ski>ak.\ti()n 

In a new fuel recovery ])roeess introduceil by Fried Kru])p A. I!, ttrn.sonwerk 
of Madgeburg, (Jermany, eleetro-magnetie se|>aration is sueeessfidly employed. 

This process is based upon the fact that ])racti(ally all coals contain iron in 
the form of |)yrites, having no magnetic projrerties. which as the result of burning 
is converted into oxides, which are su.sceptible of niagnetii' attraction. .It has 
been shown that the whole, of the iron found in the residual clinker .and ash is in a 
very much more concentratiid form than in the. raw coal as lired, and the.se facts 
•are takaai advantage of in order to effect the separation. 

As the. result of exhaustiv<’ experiments, it has laaai shown that the, ash from 
coal of everv kind, even including lignite, may be siua'cssfully treated by magnetic, 
separation and that on an average, the jicrcentage laaaiverv of (aial and coke exceeds 
2t) ])er cetit. of the weight of the, material treated, while in some ca.ses it has reached 
.'it) per cent, and even higher. 

For capacities ranging from '> cwts. u|) to 2 tons of ash per hour, a plant having 
one magnet, drum is suflicient, the drum being provided with from one to four 
magnetic lields. The drum rotates slowly about an horizontal axis, similarly to 
the drum or ]iulley tyjie of magnetic seiiaralor such as is used for the extraction 
of metal from coal in connection with pulverised fuel plant. 

The material to be .separab'd is fed on to the drum through a vibrating screen, 
which in the, case of the larger plants may be fed by means of a bucket elevator. 
On the .screen the material is graded into various sizes, each .size passing .separately 
to the drum. 

The incondni.stible containing iron is held magnetically to the surface of 
the drum for half a revolution, and as the exciting current is broken, ilrops off 
the drum into tiji trucks, wagons, or other receptacles as may be provided. The 
recovered coal and coke do not adhere to the drum but leave its .surface directly 
alter contact, and arc automatically delivered into their own receptacles. 

One, very important advantage of this jirocess of sejiaration and 
rectivery, as compared with other .systems using water, is the fact that the process 
is dri/. For this reason light, small, and porous incombustible, does not adhere 
to the coke, thus the fuel reco\'ered is clean, and not having beim in contact with 
water there is no added moisture to evaporate. 

It is claimed that the ])ercentage of fuel recovery is higher than with any system 
using water, ina.smuch as it is impossible with the latter .system to avoid the loss 
of line combustible. 

The operation cost of mag?wtic separation plant is low, the electric energy 
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required for the magnet being from 0-8 to 1 k.w. per ton of ash and clinker treated, 
while the power required for driving the- separator, including also the vibrating 
tray or screen, varies from J to J H.P. 

If desired the magnetic separator niay be combined with more than one screen, 
as also a picking belt and a bucket elevator. The jdant is made of either the fixed 
or portable type, the latter being arranged on a wheel base, 

A complete plant having a capacity of 8 tons |)er hour is illustrated in Fig. 77, 
the operation of which may be briefly described as follows : — 

The ash is discharged from tip wagons on to a “ grizzly,” or grid, (1), which 
has a spacing of 75 mm. (8 iri. square). From the larger pieces remaining on the 
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grid the incombustible and cok(( an* j)icked out and removed, whil(! the pieces 
comprising incombustible and coke in combination are broken up either by 
hand or in a stone crusher. All the material pa.ssing through the grid falls into 
th(! hopper (2) immediately beneath, from which it is conveyed by means of the 
vibrating chute (3) into tlio bucket elevator (1). Tlui bucket elevator, wdiich if 
desired may bi; replaced by a grab, conveys tlni material to tin; cone classilier (5). 
in which it is graded to various siz(!s, for instance 0 to 15 mm. (0 to J in.), 
15 to. 35 mm. in. to in.) and 35 to 75 mm. (1^ in. to 3 in.). The fines from 
0 to I in. pass on to the magnetic sc])arator ((>) and the material from ^ in. to in. 
to the magnetir^ .separator (7), while the coarser pieces from 1^ in. to 3 in. pass on 
to a picking belt. The recovered coke and coal are delivered into the bin (8), while 
the incombustible is delivered into bin (9), from which the material may be 
separately discharged into vehicles as desired. 
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In Fig. 78 is shown a portable or travelling magnetic ash separator having a 
cai)a('ity of 2 tons per hour treating locomotive ash for the Hungarian State railways. 

Fukl Kecovery from Town’s Refu,se 

The recovery of fuel from town’s refuse in the form of cinders and small 
rejected coal was advocated during the rvar by the. National Salvage Council as a 
feature of .some importance in the salvage and utilisation of waste. 

Under the conditions which their obtained the primary object in the screening 
and sorting of refuse was the recovery and utilisation of various classes of waste 
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material, some of which were of far greater value than under normal conditions. 
In a previous chajiter it has been observeil tliat from 2| to 2 million tons of cinders 
jier annum are collected with house refuse in tireat Britain. Having in mind that 
the method of refuse disposal still practised by the greater j)ro[iortioii of local 
authorities in (ireat Britain is to tij) or dumj) the refuse as collected on waste land, it 
follows that the, bulk of the fuel which might be recovered and utilised is now wasted. 
While it is not ])ossible to check or verify the accuracy of the figures quoted, 
there can be but little doubt that they are ap]m)ximately correct. This is to some 
extent confirmed by the analyses given in Table No. 29, and by similar analyses 
which have been made from time to time. 
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Anioiift municipalities in Miifilaml whicli have adopted salvage, and idilisation 
systems are Sheltield, Barnsley, Keeles, and the imdropolitan boroughs of St 
MaryhdxuK', and Westminster. 

At j)resent it is very doubtful whether it would pay to 02 )erat(^ such a system 
if it were not for the i)roj)ortion of fuel reeinawed. In otlnu’ words the reco\'ered 
fuel represents a greater return u|>on the .standing and eaj)ital charges than any 
other ela.ss of material .salved. 

Heeovered cinder even when sereene<l aval in a dry condition is an excellent 
fuel, atid while being similar to coke breeze, usuallv has a higher calorific value - 
from lt),l)IM) to ll,t)(M) B.T.U.’s ))er lb. and contains but little moisture and 
incombu.stible. Alter passing through a breeze washer, and being freed from 
dust, the fuel is much improved in value. 

Wa.shed breezed from the .sidvage. i>lant of the metro|iolitan borough of St 
itlarvlebone is used for tin'tiring of steam boilers at the borough electricity generating 
station. 

,\t Kccles, from an average annual colh'ction of l(t,l)87 tons of refuse, no le.ss 
than Ittijl tons of cinders are recovered. The cinder has a calorific value of 
Jtl.ST") B.T.n.'s ])er lb., and an evaporation of li lbs. of water per lb. of fuel is 
obtained in conneetion with two liancashire boilers at the Corporation Sewage 
Bumping Station. 

In eompari.son with steam coal costing 2l)s. per ton. the recovereil cinder has 
a fuel value of b^s. j)er ton or an annual value of over .i.'ittOO. 

Mr tl. W. Willis, the engims'r and manager of the Borough <if Kccles .Sewagt^ 
Disposal Works, to whom the author is indebted for the above figures, has obtaiiKal 
.some remarkable results iti steam generation from recovered cinder, and has very 
cl(%arlv demonstrated what mav be aecompli.shed in fuel recovery in a town of 
Jo.OttO jiopulation. 

On the basis of the results obtained at Kccles, and assuming that 2 million 
tons of cinders per annum are now being tipped to wastt', the coal e<piivalent would 
be 1J million tons per annum. 

The ]>resent tendency among the larger municipalities is to very carefully 
con.sid(‘r the comparative advantages of burning the whole of tin; refu.se as collected 
in refuse destructors, and alternatively the provision of salvage ]»lant. Hitherto 
the jjrincipal di.sadvantage of the former system has been the heavy cost of l.abour 
involved for ojjeration. With the successful development of mechanical charging, 
or feeding, and clinkering, this disadvantage no longer obtains. 

The choice Ixdween the two systems resolves itself into a que.stion of com¬ 
parative capital cost and m‘l oj)erating co.st. In connection with the refu.se de¬ 
structor th(! only asset worth serious eonsich'.ration is the steam generated from 
refuse as fuel. Similarly in connection with the salvage sysbmi the only as.setof 
importance is the recovered fuel. 

Considered from thi! point of view of find value, it is clear from the results 
obtained at Kccles and elsewhere that the cinder is of much gnaiter value as a fuel 
when .se])arated, than when burned with refuse. 



CHAPTER IX 

TIIK UTILISATION OF WOOD AND MISCELLANKOl S 
WASTE FOR POWER PRODIK TION 

'I’llK |)i'()(1ucti()ii of power in many coallcss counlrics, where (liflicnlties in ohtainini; 
supplies, or high cost of transportation render the use of ciral more or less pro- 
hihitive, has necessitated the extensive employment of wood, as also a great variety 
id residual waste for fuel. 

.Many residuals are now gasified in producers w'ith sueee.ss which could not 
otlierwise lie utilised as fuel. ,4mong these being the following : - 

OliVI'refuse. Alealie cobs. (iranular cork. Colfee husks. 

Rubber seeds. Monkey nuts. Coeoanut husks Crape cake. 

Dried manure. Cotl'ee ]ioils. Fruit stones. Sunllower seeds. 

.VIniond shells Sudd. Coir dust. Prickly pears. 

Dung cake. Crirshed cotton Cround nut shells. Tea prunings. 

Shavings. seeds. 

.Among other waste wliieli is also being u.sed for .steam generation is sawdnsl. 
bark, wood chips, jungle timber, rice liu.sks, bagas,se, spent tan, etc. 

Timber and wood refuse are largely used for power proiluetion in many 
eoiintries, including West Africa, Nigeria, Rhodesia, West and South .Australia, 
Canada, Denmark, Sweden, Finland, and in a large number of lumber mills, in 
Rritish Columliia, and on the Paeilie coast. 

In some countries devoid of coal, or where the eo.st is so high as to 
prohibit its use, the consumption of timber is very heavy, and as adjacent growth 
is eleared su|)|)lies have to be transported considerable distances at increasing 
cost. 

Drdinarv air dried wood nsually contains from 20 to 2.0 per cent, of moisture. 
Its composition when absolutelv dry is appro.ximatelv as follows : - 

Carbon.-P) per cent. 

Oxygen.—11 ,, 

Hydrogen . . . . . - (i „ 

Ash.- 1 „ 
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The calorific valup when dry ranges from 7000 to 9000 B.T.lJ.’s per lb. ap¬ 
proximately, as will be seen from the following table, which comprises a variety of 
British timlnir:— 


Oak.-8310 B.T.IJ. 

Ash ,.-.8480 „ 

Elm.—8.110 ,. 

« . 

Beech ....... -8.591 

Birch . . . . -.8580 ,, 

Fir ....... —9003 

Pine ....... .-9153 

Poplar ........ —7831 ., 

Willow ....... - 7920 

The heat values of different varieties of Oanadian dry wood, as compared Avith 
I'nited States anthracite coal, was given l)y the For(«t Products Jiaboratories of 
Montreal as follows, the calorific A'alue of tins anthracite coal being assumed as 
13,000 B.T.fk’s per lb. On this basis the ecpiivalent value of on(! ton of 
anthracite coal Avould be given by 


1 •()() cords ’ 

of Birch. 

1-20 „ 

,, Tamarack 

1 -ijO „ 

,. .Tack pine. 

1-.5.5 „ 

,, Poplar. 

1 -fiO „ 

,, Hemlock. 

2-l() ., 

,. Cedar. 


In Great Britain wood waste is extensivtdy used for power production in .saw mills, 
Avood Avorking factori<‘s, and in other indu.stries in Avhich timber is utilised to some 
extent, such as shipyards, raihvay Avagon Avorks, and match factories. 

For the generation of steam from AA'ood relu.se, furnaces of various types are 
used, comprising ordinary hand fired furnaces, of the natural draught type, forced 
draught furnaces, dutch oven and semi-external furnaces, and also mechanical 
stokers. 

Where the quantity of AA'a.ste available is small it is oftim burned in conjunction 
Avith foal. In other Avorks having a larger output of wood refuse, this material 
provides the Avhole of the poAver required, and in a considerable number of works 
it has been found practicable by utilising the wood waste, either in a gas 
producer or a steam boiler, to provide the Avhole of the poAA'er required, AA’ithout 
the use of coal. 


* One cord==128 cubic feet sfaeked. 
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The choice of the most suitable type and arrangement of furnace for tlie 
utilisation of wood waste for steam generation will depend iipitn various factors, 
such as the character and (|uantity of the waste material available, the (luantity 
of steam ie<piired, and the type of boiler used. 

Light and bulky wood waste, such as .shavings, small chij)s, and sawdust, may 
be most efficiently used in a dutch oven or external furnace charged at tin! top. 
Ifeavier waste may he more conveniently handled in semi-external furnaces, or 
other furnaces .specially designed. 

The mixing of wood refuse and coal in an ordinary boiler furnace, while 
being a convenient means of disposing of small (juantities of waste, is not an 
efficient method, inasmuch as both fuels give much better results when burned 
independently. 

For the utilisation of large quantities of miscellaneous wood wastt; for steam 
generation a boiler of the water tube type is most suitable, juoviding as it does 
greater furnace capacity, and better- combustion conditions, than obtain with 
internally fired boilers. 

Furnaces of the dutch oven, destructor, or senri-exterrral tvprr rrray be rnudr 
more converrierrtly ananged in connection with water tube boilers, than boiler-s of 
other types, aitd provide the, rrrost suitable conditions for the contimious charging 
of considerable (juantities of waste. 

For the machine firing of sawdu.st arrd chijrjrings from wood workitrg machirtery, 
both in connectiorr with Lancashire and water trrbe boilers and also dutch ov(m 
or e.xternal lurnaces, Henderson’s sitttjrlex mechanical stoker, which is illustrated 
in Fig. 7!), is (extensively used. 

With this ajrparatus, the g(‘neral arrangement of which will be clear upon 
referertce to the illustration, sawdust arrd chi|)[)ings nray be colhu-ted from the 
various rnachimrs by means of a pneumatic removal system, and conveyed to an 
overhead hopper arratrged to discharge intrr the ho|)|)(u- of the mechanical stoker. 
The fuel after pa.s.sing through the hojrper is carried towards each furnacr! by means 
of helical r-ams, driven by a simple arrairgerrrent of gear, and is deposited ujron 
Kivolviug irrtpellers, by which it is distributed over the, grates. The imjrellers are 
in con.stairt rrrotion, by which nreans a regrdar distribution of the rrrater ial is seertred, 
arrd the delivery of the fuel may be regulated as desired. 

Waste, other than .sawdust and chips, are fired direct on to the grate by hand, 
the grat(r nray be either of the stationary or r-ocking type. 

Jfetails of evaporative tests with hog fuel (lumber rrtill w-aste,), are giverr in the 
followitlg Table No. 35. Having in mind the avrrrage rrroi.sture content, 38 per cent.., 
the average evaporation of 2-84 lbs. of water jarr lb. of waste from and at 212" Fahr. 
irrust be regarded as a satisfactory performance. 
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TABLE No. 35 

Evaporative Tests with Hog Fuel 'and Stirling Water Tube Boilers at 
St Paul and Tacoma Lwnber Company, Tacoma, Wash, U.S.A. 


Average salorifio value, wet = .5500 B.T.U.’s 
„ „ „ dry 8700 „ 

Dates of tests—^Febniary 20tti .md .3l8t, 1917 


Furnace—Dutch oven, length in feet 
Grate area, square feet 

Boiler heating surface, squan; feet 

Test No. 

1 

2 

0-5 

55-25 

2017 

1 •* 

0-5 

02-82 

2878 

Average 

4 

Duration, hours. 

8 0 

4 0 

2-5 

of 1, 2 
and 3 
14-5 

2-5 

Kind of fuL‘1 ...... 

Shavings 

Hog 

Shavings 


•Shavings 

steam pivssurc. 

and Hog. 
131 

only. 

131 

only. 

128 

130 

and Hog 
100 

Fecfl water temperature deg. F. 

1,53 

145 

143 

147 

142 

Hxit gases temixTaturc deg. F. 

413 

427 

430 

423 

.531 

Forced draught W.G. ..... 

0-2" 

((•2“' 

0-2" 

ro- 2 " 

0-2" 

Avcnigo weight of fuel jx?r cubic foot as tii'od, li»s. 

1,5-32 

18-37 

14-04 

10-11 

12-75 

]ier ixiit. ..... 

38-.5 

41-.5] 

34-01 

38-01 

38-5' 

Calorific value jx'r Ih., wet, B.'l’.U.'s 

5.511(1 

.52.53 

5593 

5451 

.5500 

Calorific value ix r lb., dry, RT.l/.'s 

8953 

8979 

8474 

8802 

8953 

('ubic feet of fuel burned jjer hour 

375 

204 

343 

339 

287 

Cubic feet of fuel burned pu* .stiuarr foot of 
grat<5 jxT hour ..... 

317() 

2-230 

2-905 

2-871 

2-431 

'Total evaiKwation from and at 212° F., Ihs. . 

127,409 

58,737 

i 34,002 

220,108 

31,311 

Kvaix>ration from and at 212^* F. {x*r cubic foot 
of fuel as fired, lbs. .... 

42-5 

.55-7 

j 

i 40-4 

45-7 

43-0 

]'sV.'i]ioration per lb. of fuel, from and at 212” F. 

2-77 

3-03 

: 2-70 

2-84 

3-42 

Kvajxuation jx*!* unit, 200 ouhie feet of fuel, lbs. 

8.5(K) 

11,400 

: 8080 

<1000 

8720 

Jlojler hoi-se*|K>wer ..... 

402 

425 

1 401 

430 

303 


I 


Apart from its use for the firing of steam boilers, wood refuse is not utilised 
to any extent for the firing of furnaces for industrial purposes, although at present 
in some countries where wood waste is largely used there is a tendency to utilise 
the same for the firing of furnaces of various kinds. 

In F’ig. 80 is shown a wood refuse furnace which is used in Vancouver, British 
Oolumbia, for the firing of a plate-heating furnace in a large boiler works. This 
furnace is entirely filled with wood waste, the gases passing downwards through 
th(! passages in the side walls commingle with secondary air admitted by piston 
type dampers on each side, the whole of the gases passing over the bridge wall at 
the rear. 

A constant flow of incandescent gases is ensured through the heating furnace, 
and no difficulty is experienced in the heating of boiler plates up to in. thick. 

Various attempts have been made to utilise sawdust both alone and also with 
slath coal, by briquetting, and for this puqawe specially designed briquetting 
plants were installed in British Columbia and on the Pacific Coast. The process 
would not appear to have proved commercially satisfactory, and so far as the 
author is aware is no longer used. 

M 
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In the Ftwl Ecmmun Renew ,of Febniary 1022, an exceedingly interesting 
descmtion was published of a wood refuse gas plant at the timber mills of Messrs 
i Sail & Sons Maldon. Essex. This jdhnt, as originally installed in June 1010, 
comprised two sets of 100 IIP. Crossley waste wood refuse gas plant, and two 



Kia. SO.- WooT) Hkfi sk Krus-vrn kiu ){(m.KK J‘i.\tk IlKAiiNfi (Vancoi vkr, li.C.). 

lOO fl.P. Crossley horizontal single cylinder gas engines, direct coupled to Crompton 
dynamos, generating current at 200 volts. 

During recent years much additional ])laiit has been installed, (annprising in 
gas producers a 100 II.P. Salmon & Whitfield set, a .100 H.P. Crossley set, and a 
250 H.P. Kuston & Hornsby set. In addition, one 250 H.P. Dowson & Mason 
plant, and one 1.50 H.P. national producer were installed as stand-by plant. The 
additional gas engines installed coinpiised one 120 H.P. Kynoch horizontal single 
cylinder engine direct coupled to a CIrompton dynamo, one 2;)0 H.P. Crossh'y four- 
cylinder vertical engine direct coupled to an K.C.C. dynamo, and a oOO H.P. 

‘ Fuel Feonomy J{erieu\ Febriiiiry 1922. 
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Premier four-cylinder horizontal engine, ro])e driving an English Electric Company’s 
dynamo. 

For the utili.sation of the exhaust in connection with the latter engine, a Huston 
& Hornsby waste heat boiler wa.s installed whidi suppli(!s steam to heat a timl)er- 
drying kiln. 

Tlu! ])lant referred to not only supplies some fifty inotoi-s in the mills aggn^gating 
()f)8 H.P., blit current is also suyiplied both for lighting and power purposes to the 
town of Maldon and the adjoining village of fleybridge. During the year ending 
April 3(lth, ]h21, the niixinmm load recorded at the generating station was 175 kw., 
and the quantity of electricity sold amounted to kw. hours. The fuel 

consumed in the producers was 287(i tons, comprising 1015 tons of scrap wood, 
740 tons of sawdust, 545 tons of chisellings, and 570 tons of bark. 

One of the mo.st striking e.xam 2 )les of the disyilacement of a steam plant using 
wood fuel by a gas jiroducer jdant using precisely similar fuel, is at the Lonely Mine, 
Southern Rhodesia, forty-three mih's from Bulawayo. 

At this mine, owing to its location isome foity-thri'e miles from the nearest 
railway connection -the u.se of coal for steaiii generation could not be considered 
owing 1.0 the heavy cost of haulage, and it was decided 1o use wood from the 
locid bush. 

So heavy was the consunqition of wood during the ideven years' use of the 
steam plant that the bush had been cleared for a radius of about elevim miles, and 
had the consumption continued at the same rate for a further three years the 
economic limit in cost would have lieen reached. The cost of wood had in fact 
become one of the most serious factors in lire cost of mining. 

The consumption of wood for steam generation was at the rate of 3000 cords 
per month, a cord averaging 3300 lbs. in weight. .\s the result of installing the 
Crosshiy gas [iroducer plant, tlie consumption of wood was reduced to about (iOO 
cords ))er month, or ajquo.ximatidy one-fifth of the pri-vious find consumption. 

The complete (hossle.y producer yilant is illustrated in Fig. 81, which is a plan 
and cross section of the yiower house, and conqirises four (Irossley wood fuel suction 
gas jilants, each of 350 1 l.P. capacity, but capable of giving an overload uy) to 150 11.P. 

The four gas engine sets were suyiydied by the Pi-emier (4as Engine Comyiany, Ltd., 
all being of the horizontal multi-cylinder type, the cylinders being of 17J in. bore, 
with a. stroke of 2(1 in. 'I’liree of the engines diive three-phase alternators, each of 
250 K.VhA. cayracity at 'bp.f., with !)25 volts at 187-5 revolutions yier minute. The 
alternators were suytplied by the South African (leneral Electrii^ (tomyiany, l,td. 

The gas engines are designed for 300 B.ll.P.' normal load, and will carry a 
25 yier cent, overload. The fourth engine develoyis 225 B.II.P.^ at 190 revolutions 
yier minute, and is connected through a flexible conyiling to an Ingersoll Rand air 
comyiressor, having a eayiacity of 1.500 cubic feet yier minute. 

The gas generators are charged from a large overhead yilafform, from which 
the wood fuel is fed into the hoyjyrers. The wood used is about 10 in. diameter, 
and is cut into yheces about 2 ft. in length. The. feeding hoyiyier, mounted at the 
‘ At altitude of 42(M> feet, and at raluccd srcoiIs to suit altcmalors. 




Fig. 81.—Plas asp Cross Sectios of Power Hofse, I.onely >Iixe, Southeks Rhodesia. Crosseey Wood-fired Producer PiiAsr. 
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top of each generator, is of the air lock type. The hot gases as they leave the 
generator first pass into a wet scrubber, where they are washed and cooled. Within 
this wet scrubber much of the tar coming over with the gas is condensed and 
carried away by the cooling water into settling tanks, where it collects and is after¬ 
wards removed. The effluent water ultimately flows away in a comparatively 
clean state. 

The question of operating tlie alternator sets in parallel with each other received 
very careful consideration by the manufacturers. The gas engines, being of the 
four-crank type, were ejisily capable of fulfilling the required conditions, being 
designed to give a degree of cyclic irregularity not exceeding 1/500. To ensure this 
degree of steadiness iinder all conditions of operation, a uniform quality of gas must 
be supplied to the engines. For this reason a special arrangement of equaliser 
pipes was introduced between the dry scnibbeis of the gas-producing plant, providing 
for the scrubbers being first coupled together in pairs by means of overhead pipes, 
whh^h pipes in turn are coupled together and lead into onc! common main delivery 
pipe. This arrangement is intere.sting as showing the means adopted for thorougli 
mixing of the gases after they leave the dry scrubber. A further point is that the 
suction from each of the gas engines when in operation is more evenly distributed, 
with the result that each gas generator responds to its fair share of the load and 
generates gas in proportion. 

The installation was t(>sted l.iy Professor Buchanan, B.Sc., of Johannesburg. 
The following paiticulai’s and data hav(' been extracted from his report., dated 
February 21st, 11)22 :— 

The main ot)j(!(t. of the tests was to detcrininc the (juantity of dry wood find 
consumed within the plants in generating omi Board of Trade unit of electricity. 
A 24 hours’ (smtinuous test was made first woj-king mider normal conditions, but 
only using two producer's, these being suftieient to serve the three 200 kw. gas 
engine alternator sets. T’he fourth engine, which is used for driving the air coni- 
])ressor, was not tested, one of the gas producers being coupled up to serve this 
engine excl'usively during the test. The fourth producer was shut dorvn entirely 
throughout the tests. 

Care was taken to note that the amount of fuel 'within the producers was the 
same at the beginning and finish of the test. The wood fuel used was a nonnal 
mixture of mapani, knobby thorn, marula, and other soft woods. 


Details of Tests 

Date of test. 

Duration of test. 

Total umts generated, measured at the switchboard 
Average load from three sets .... 
Load factor (say 160 kilowatts per set) 
Corresponding power developed by each engine 
(89-6 per cent, alternator efficiency) 


February 2nd and 3rd, 1922 
21 hours, 13 minutes. 

11,530 units. 

477 kw. 

80 per cent. 

239 B.H.P. 
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Total wood fuel used dxuing test 

Fuel used per hour . . . . ■ . 

Fuel eonsumption rate at 80 per cent, load . 

Average moisture eonteiit in fuel 
Equivalent dry fuel consumption at 80 p(!r cent, 
load 


41,208 lbs. 

1,703 lbs. 

per B.P.P. p(W kw. 

2-3!) lbs. 3-575 lbs. 

13-5 per cent. 
peiB.ff.P. iH-rkw. 

2-07 lbs. 3-0!) lbs. 


The makers’ guarantees given with dry wood find were as follows :— 


Lbs. per 
li.lM'. Hour. 

At lull load ....... 2-0 

At three-quarter load ...... 2-23 

At half load ....... 2-70 

At quarter load . . . . . .3-9 


made fiom the makeis’ guarantees shows that at 80 p('r cent, load the 



KiCi. 82. —Makehs’ (!i'.Mi.\XTEE CiiuvF. foh Wdor) (Vissr.Mi-TioN, 
('lUISSLEV I’liODl'CEIIS, Lo.N ELY MlSS, SioITTIlEn.S t! HIIDESIA. 


corresponding fuel consumption wmdd be 2-15 lbs. of dry fuel (see Fig. 82). As 
may be seen tluuefore the actual test result is 4 pei’ cent, below the guarantee. 

Assuming an average weight of 3300 lbs. of wood per cord at an average |)rice 
of 15s. per cord, and taking the fuel consumption to be say 3-0 lbs. pm- kw. generated, 
the cost works out at less than 0-20 penc<! per unit for fuel. 

The Kuston refuse gas producer, which has been extensively a<lopted for 
the' utilisation of wood waste and a considerable range of waste or refu.se fuels, 
is illustrated in Fig. 83, and may b«! briefly described as follows : - 

The fuel chamber providxid is of large capacity, with a view to avoiding the 
necessity for frequent charging. For wood fuel no hopper with a valve or shde is 
pro-vided, the fuel being fed direct into the fuel cluimber. 
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I’lie ffenpHitor is of heavy steel plates, lined with firebrick ijnd packing. Doors 
arc provided in the casing for cleaning the fire. The grate is made up of loose fire¬ 
bars, which can be removed and replaced through tlu! fire doors. Poking holes are 
provided so that any part of the furnace can be reacln^d. 

Instead of leaving tin; g(merator by the usual single outlet, the gases an; taken 
oil at two or more points on top of tlu! gemirator by means of vertical [)i|)es which 
lead into main pipes, which are inclimsl to the dust collector. These outlets are so 



arranged that an even draught through the fuel betl at all loads and at all ])oints 
is ensunsl. 

The outlet jii|)es from the generator are fitted with seraj)ers by which tar and 
dust deposits can be removed at any time without int(ufering with the juoductioli 
and supply of gjis. From the top of the dust collector the gas ])asses to a {wa¬ 
stage rotary tar (extractor, wli(!rc tlni tar is removi'd before the gas passes into the 
sawdust scrubber. 

For cleaning and cooling about (i to 8 gallons of water [ler B.H.P. per hour 
are rerpiired. Most of this wattjr may be used in cycle, if a filter sump and 
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circulating pump are provided, but there should always be available at least 
one gallon per B.H.P. per hour of fresh, clean, cool water. 

When using wood refuse, peat, etc., a vapouriser is not necessary. For the 
use of anthracite or coke it is of course necessary to fit a vapouriser to the generator, 
as also a double valve hopper to the fuel chamber inlet. 

Two important features of the Huston refuse gas producer are the dust collector 
and gas washer, and the sawdust scrubber and expansion chamber. These are 



shown in the accompanying illustration. Fig. 83. It will be observed that the 
main outlet pipe»s from the producer lead to the gas washer and dust collector. Here 
the gas first passes down side tubes and tlum up a central chamber, where it is 
cleaned and cooled by a water spray. The dust and a large proportion of the 
tar ip the gas are deposited in a water seal at the base, and may be removed while 
the plant is in operation. 

The sawdust scrubber forms an expansion chamber, and is fitted with trays 
containing sawdust, acting as a filter. Here the gas is finally cleaned. 

The Campbell suction plant for refuse fuejls is illustrated in Fig. 84. This 
producer is largely used for the gasification of wood refuse of every kind, com- 
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prising sawdust, shavings, chips, bark, etc., also for a great variety of vegetable 
refuse, such as rice husks, olive refuse, cork refuse, sunflower, and cotton seed 
husks, cotton stalks, prunings from tea gardens, nut shells, spent tan, wattle bark, 
bagasse, and flax refuse. 

The general working principle is the same as in the older types of suction 
producers. The gas engine sucks air through a mass of incandescent fuel, con¬ 
verting it into carbon monoxide (CO). This gas with the hy<Irogen and other 
fixed gases in the final product are hll combustible and suitable for use in gas 
engines. 

The richness of the gas is depemhmt uj^n the carbon content of the fuel, and 
as all refuse fuels are so much lower in calorific value than anthracite or coke, the 
producer must, therefore, be larger for a given horse power. 

Tn general dasign, as usually arranged, the Campbell jflant comprises a 
cylindrical riveted steel plate producer lined with firebrick, a du.st separator, through 
whi(^h th(! gas passes to the .scrubber, provided with lutes in the sump to enable 
the separator to be cleared without interfering witli the operation of the plant. 
A wet scrubb(!r of large capacity to ensure low velocity of the gas during cooling 
and scrubbing, a centrifugal wa.shcr, and a dry scrubber which also forms tin; gas 
box or reservoir. For starting up, a geared hand-driven fan is j)rovi(led. 

.\s showing the wide range of wast<! and low grade fuels which can be efficiently 
gasified, the following are, typical analyses of various fuels which are at present 
being utilised in produccsrs :— 



cjirlinn. 

Vcilulilc 

inaltor. 

.\»li. 

Miiistiiiv 

Olive refuse , , . . , 

19-16 

.53-82 

8-45 

18*58 

(ira|)e refuse .... 

•22'50 

55-80 

11-20 

I0-.50 

Monkey nut shells .... 

29':t0 

60-10 

0-50 

10-10 

Rice husks ..... 

15'90 

54-90 

14-90 

10-20 

(iranularcork ... 

2«'25 

70-95 

1-0 

7-8 

Cotton pod husks ... 

28'()6 

53-80 

0-34 

17-20 

Spent tan ..... 

10'2() 

•29-70 

4-30 

.55-80 

Peat ...... 

2-1'75 

55-17 

MO 

18-98 

Lignite (Taupiri, N.Z.) 

i:V9l 

38-.50 

2-48 

14-84 

,, (Ledger, W.A.) . 

46'59 

31-20 

4-06 

17-88 

Flm sawdust .... 

6''22 

35-54 

M4 

57-10 

Reech sawdust .... 

7-70 

51 -90 

0-70 

39-70 

Reel'll chippings .... 

8-88 

69-55 

0-42 

21-15 

Locomotive smoke box refuse, or char 

58-93 

3-11 

24-77 

12-.58 


In Figs. 85 and 86 respectively are. shown Ricston producers gasifying tea 
primings on a Cingalese tea plantation, and coffee husks at a cotton giiming 
factory. 

Rice or Paddy Husks .—This material is extensively used for fuel purposes in 
rice-growing countries in the Far East, both for steam generation and also in 
suction gas producers. • 


















WOOD AND WASTJ: FOR POWER PRODUCTION 18; 


Two analyses of rice husks gave the following results : 



Imlia. 

Kangkok, Siam. 

Fixed carbon . 

15-90 per cent. 

14*11 percent. 

Volatile matter 

. 54-90 „ 

57-24 „ 

Moisture 

. 10-20 

10-00 

Sulphur . 


0-05, „ 

Ash 

. 14-90 

18-60 

In .some F’ar Eastern 

countries paddy husks, desjiite their bulk and the high 

percentage of incombustible content, are regarded as ; 

very useful fuel, and in 


Siam particularly is very very largely used for liritig steaiii boilers both of the 
Lancashire and wat(!r lube, tyi)es. A very well designed furnace for the firing 
of j)addy husks in connection with a water tube boiler is illustrated in Fig. 87. 


LONGITUDINAL SECTION FRONT ELEVATION 




Fro. 87 .—Fiiii.n.cce fou fihinc. Faduv Iicsks is co.nsection 
WITH A Water Titie Hoiler. 


The following results were, obtainwl with a Campbell refuse gas plant and single 
cylinder horizontal gas engine of 50 J5.H.P. at llangkok, using rice husks, the 
analysis of which is given above. 


Tempemtnres 


Afmospliere 90' Fahr., gas at engine—90 Fabr. 


.tvoraee 

load' 

l!.M.l>. 

1-J 


Average 

vai-iiiiin at ('iiuiiio 
gas fOi-k. 


o 

(la.s analysis. 

M ro 

CII, 

ill. 

:vo 

()•[ 

6-4 92-2 

-06 


N 


57-4 


CaloTilio value. 


198 B.T.U. 


Cojcsumption - t} lbs. per H.II.F. hour. 

A (frossley gas plant erected at Amposta, Spain, and utilising rice hu.sks, 
showed a consumption of rather less than 4-t lbs. per B.H.P. hour at about two- 
thirds load, the jiower reipiirements being appro.vimately IW) H.P., whereas the 
plant had a capacity of 152 H.P. 
















as a fuel it is frequently air dried or pressed. Before drying the moisture content 
varies from 55 to 65 per cent., and the calorific value from 2600 to 3000 B.T.U.’s 
per lb. A typical sample analysed gave the following result:— 

Fixed carbon.= 10-20 per cent. 

Volatile matter ..... --29-70 ,, 

. Ash..= 4-30 

Moisture.=^.55-80 

When used for steam generation in a boiler furnace the use of artificial draught 
is essential, and the tan must also be mixed with small coal or coke breeze. In 
some large tanneries external furnaces of the destructor type are used in conjunction 
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♦ * 

with steam boilers. Under such conditions this high moisture fuel is most advan¬ 
tageously burned, and the proportion of slack or coke breeze required is reduced 
to the minimum. 

While considerable quantities of spent tan are u.sed for steam generation, it 
is also extensively used in gas producers. 

Bagasse or Megasse .—This material, which is residual sugar cane, after extrac¬ 
tion of the juice, is very largely used for steam generation on sugar plantations. 
The calorific value of bagasse mainly depends upon the proportion of fibrous matter 
in the cane. This varies in different stigar-growing countries, but generally speaking 
is determined by the age of the cane. 


Vin. S!).- Hawaiian Cane Suoau Mii.i.. 

In Chiba, Hawaii, and the West Indies, tlii! cane is usually left standing for 
from one to two years, growing to a height of from fi to ft ft., and the fibrous 
content varies from 3} to 50 per cent. In Louisiana, U.S.A., the growth is limited 
to about six months owing to the climatic conditions. Tropical cane has the 
greater calorific value, which is usually about 8(X)0 II.T.U.’s per lb. 

The crushed cane or bagasse when leaving the last set of rolls in the mill 
contains from 45 to 50 per cent, of moisture. It is then conveyed to the boiler 
house, and fed as required into external or dutch oven furnaces, arranged in conjunc¬ 
tion with steam boilers. The grates used are of small area, the rate of combustion 
ranging from 100 lbs. to 300 lbs. per square foot of grate per hour. The whole 
of the steam required for the operation of the cane mill is usually provided from 
the bagasse. To a large extent the steam is used for cooking purposes, and out 
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of the total steam generated about 15 per cent, only is used for {mwer, and 85 per 
cent, for evaporation a.id cooking. 

As a high moisture fuel the. maintenance of a high furnace temperature is 
es.sential, and the most suitable furnac(! is that of the external type, of suitable 
proportions, lined with firebrick. While good results are obtained when using air 
at atmospheric temperature, tlu; mo.st efficient results are obtained wlnm using 
pre-heated air forrcontbustion, or alternatively by reducing tin; moisttire content 
by pre-drying. For this purpose “ secheries '',or belt dryers using waste heat, are 
now employed. 

A large Hawaiian cane, sugar mill is shown in Fig. 89, with cane fields in the 
foreground. 

Blast Furnace Gas .—lloth by reason of its low calorific value, which u.sually 
ranges from 95 to 105 B.T.U.’s per cubit foot, and also beca\i.se of the high pro¬ 
portion of diLst carried in suspension, blast furnace gas must be reganhsl as a low 
grade fuel. 

For use in internal combustion engines the gas must be cooled to about 68° F. 
and thoroughly cleaned. It is necessary to reduce the dust content to 0-1 gramme 
per cubic foot. 

For the tiring of steam boilers the gas may be, and is, used in its crude 
condition, but the serious fluctuation in pn-ssure, as also the large (piantity of dust, 
both present difficulties in its idficient utilisation, and the thermal ellicieTicy obtained 
is as a general rule very low. 

The following is a typical analysis of blast furnace gas :— 


CO 



27-5 per cent. 


H. 



.‘!-0 „ 


CO., 



. -lO-O „ 


N. 



. =59-5 





= 1274 


Spccilio 
weight at 

32 Fa hr. 

ll>s. p(‘r 
ciilfic ftfOl. 

Specitic 
volume at 
Hg euiiic feet 
ami 
per lb. 

Tliofurtical air for 
<uibic feet 
per cubic 
foot. 

coinbiisl ion, , 

B.T.T'.’s 

jeer 

ceehie' fuct. 

080.19 

12-4:529 

•729 

•729 1274 

lo;} 


In a paper read before The Iron and 8teel Institute on May 5, 1921, entitled 
■' Notes on the Cleaning of Blast Furnace (las," Mr S. H. Fowles ex])resse(l the 
following opinion :— 

“ ft is possible to-day, if the gas were well cleaned and efficiently used, to 
jnoducc .something in the neighbourhooil of from three! to four million horse power 
from the blast furnace gases in this country, in addition to rc<lu(!ing large! eaeal bills, 
speeding up works, anel unele-rtaking much eef the work neew done by coal fireel 
boilers.” 

On the Cemtinent and in the Uniteel States there has been a tenelency towarels 
centralisation, and combination of blast furnaces, by-product recovery ovens, and 
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steel plant, with a view to the fullest ])ossible utilisation of all the waste heat, and 
it has been shown that such centralisation effe.cts a. very eoi’sklerable economy in 
fuel consHm|)tion. 

Tn 1911 it was estimahsl that the aggregate power |)ro(]uction by large gas 
engines, using blast furnace gas, was 1,():(9,.509 H.H.P., (listribut(!(l as follows ;— 

Oermany.Ki-o per cent. 

United States.IVi-.a 

Prance .a'l 

Belgium . . . . . Idi ,, 

Au.stria Hungary ..... i' \ 

Unvat Britain ...... 2-1 

Other countri(w ..... 0-2 

Tn Clermany it is the, common juaotico to use cleaned gas for the firing of 
stoves and boilers, the dust being reduced to about 0-1 granune per cul.-ic metre. For 
use in internal combustion engines the gas is usually cleaned and cooled in Thyssen 
washers, the dust contiml. being reduced to from O'OOl to O-OOd gramme per cubic 
metre. 

lO.xperience in (lerinaiiy with large iiLstalhitions, comjirising in some works 
many engines from 1.900 ll.B. to .9000 H.P. each, has shown that clean blast 
furnace gas is an excellent fuel, and the engines are quite reliable. Tn .some work's 
waste heat boilers have been installed to utilise the sensible heat of the 
exhaust gas. 

I’ractice in the utilisation of blast furnace gas in (lermaiiv is based upon the 
conclusion that the mon‘ the gas engine can be utilised for power anil air blast 
production, the Ic.ss will be the call upon gas or coal tired boilers, and accordingly 
the greater will be the I'conomy in fuel consumption from ore to fini.shi'd sti'el per 
ton of product. 

Having in mind the very high cost of reconstruction and centralisation in 
connection with existing works, as also the cost of jilaiit for cleaning the gas, the 
present indications are that the use of blast furnace gas for tiring steam boilers is 
the mo.st likely line of development, and that the extended use of cleaned gas in 
the more ellicient manner, in large gas engines, is not likely to develof), e.xcepting 
under favourable industrial conditions, and but very slowly. 

At the. present time blast furnace gas is extensively used in (Jreat Britain for 
steam generation, the boilers useil being of the water tube. Lancashire, and fire 
tulie types. 

As already observed, the thermal elticiency u.sually obtiined is low. This is 
due not only to the heavy deposit of dust on the boiler heating surface, but also 
to the dillicnlty in regulating the air suiiply in pro|)ortion to the gas. 

ft is very ditlicult, if not inqiossible with hand regulation, to ensure at all times 
a proper mixture of gas and air owing to the continuous fluctuations of the gas 
pressure and .supply. Intimate mixture either before or at the jioint of combu.stion 
is e.ssential in order to obtain the most eftieient results. 
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The use of a combustion chamber lined with refractory material is necessary, 
and the use of pre-htated air is very desirable, having in mind the small amount of 
combustible content per cubic foot of gas, and the large volume of, gas which has 
to be dealt with. 


In the automatic regulation of the air supply the Weyman system, as installed 
at the works of the Cargo Fleet Iron Co., Ltd., appears to overcome the difficulties 
already referred .to. This system, which is a simple one, may be briefly described 



as follows: The apparatus comprises a 
patent governor, which is actuated by the 
pressure] in the gas main. The governor 
operates the air ports to the combustion 
chamber, thus automatically controlling 
the flow of air in proportion to the gas 
pressure, and accordingly the volume of 
gas passing. The governor consists of a 
tank for the sealing water, in which a bell 
is suspmded by wire ropes over pulleys 
and balanced by counter-weights. A 
special feature is tlie provision in the bell 
of a central tube in which a vacuum is 
formed on the bell rising, caiising the 
tube to take, up a column of water equal 
in weight to the pre.ssure on the cross area 
of the bell. This acts as a dashpot and 
ensures a very steady movement of tlu! 
bell in either tlui upward or downwaid 
direction. A rack is fi.xed to the spindle 
on top of the bell which is engaged by a 
toothed quadrant. The. opposite end of 
this quadrant is connected by a horizontal 
lever to the vertical level’s which operate 
the covers arranged over the air jjoits in 
the burner. These covei's are mounted 


Fid. [10. —Weyman’s Fatest Ai r(i.MATic 
(iilYEnSOR KdK CO.NTROU.ISd .tiK KCI’I'I.V 
TO Blast PrRN.^rK Oas Bi knkrs. 


on ball bearings. 

The rise or fall ol the governor bell 
imparts a movement to the quadrant, 


which movement is transmitted through the horizontal lever to the cover of the air 


ports, causing them to open or close to a pre-determined degree as the pre.ssure of 
gas rises or falls. The governor, which is illustrated in Fig. 90, is so sensitive as to 


control with a gas pressure of only Vj in. W.G. 

The burner, which is of the Bunsen type and specially designed for the use of 
blast furnace gas, is shown in the sectional illustration, Fig. 91. The front end has 
separate air ports to the body and the central tube. The ball-bearing cover already 
referred to has similar ports, and on to this disc or cover is fixed a secondary disc. 





Fio. 93.— The Ci jibeklani) HmiuEK. 
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the ports of which can be adjusted in relation to the main disc so as to permit of the 
air supply to the ccmtral tube bein<; varied in proportion to that passing through 
the ports to th(' body of the btirner. By adjusting the air delivery through the 
central tula; all tendency to back firing is prevented. 

In Fig. 92 is shown Weyrnan’s patent combnstioti chandrer and bhist 
furnace gas burner with automatic ail' I'egulation, and air pre-heating, as applied 
to a Jjancashire lioiler. 

'J'he Cumberland burner, which is illustrated in Fig. 93, embodies in the one 
apparatus an adjustable gas supjdy, as also adjustable primary and secondary air 
supjilies, and may be .satisfactorily opiuated with a gas [iressure of I in. W'.G. 

I’he body of the burner is formed of a tubular mixing casing (a), which is tapered 
in such a manner towards its ilelivery end as to ])revent back firing. The gas is 



supplied to the outer end of the burnei' from a vertical connection through the 
bend (h), and the primary air is supplied partially by means of a centrally fixed 
tube (c), which projects through the gas inlet connection, and partially by means 
of a series of inlet ports (d), formed round the end of the burner tube. These latter 
ports are ailjusted in area by means of a rotary sleeve, which is so arranged that 
the air admission may be very effectively regulated. 

the combimal airangenient of central and also external air ports provides for a 
thorough mi.xing of the gas and air. 

Near the delivery end of the burner is a concentrically arranged casing (e), 
in which secondary air ports are piovided, similar to the primary air ports (d)? At 
the end of the mi.xing chamber a cover (y) is 2 M'ovided, which enables the attendant 
to control the mi.xture of gas and air. 

In big. 94 a sectional view of the Mmiter blast furnace gas burner is shown. 
With this type of burner the primary air is admitted through slotted adjustable 
rollers. .Secondary air as neco.ssary is admitted around the nozzle of the burner. 
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'I’he application of Hnntev blast furnace gas burners to a buttery of Thompson 
water tube boilers is shown in Fig. 95. 

In the United States blast furnace gas has been used in <'Oiijim(tion with 
pulverised coal for the firing of .steam boilers, and at least one such combined plant 



Fig. !)■).—Arri,i('.vn(.)s or IIustkr Hi.asi' Fi'iin.ich (;.\s liiiitNuns T(i .i 
BA'n'KHY (11.' 'I'lKUirSD.V Watsu 'I'l bk Boilkks. 


has now been installed in this country. This dual method of firing would apjiear 
to offer distinct advantages from the point of view of leinfoi-eing a low grade find, 
and increasing the evaporative output, the dust problem must, however, become 
moie aouti! due to the ash carried in suspension with the jndverised coal. 




OHAPTKl? X 


THE GASIFICATION OF LOW GIIADK AND WASTE COAL 

In gas produffir practic*! a very wide raiig(‘ of carbonaceous materials are now being 
successfully dealt with. The dtivelopnient of the suction gas plant, introduced 
rather more than twenty years since, and its successful a])plication for the-use of a 
considerable variety of waste fuels, and residuals, has been of great advantage, not 



only in greatly reducing the cost of pouer production, but also in enabling fuels 
to be utilised which could not otherwise be employed. 

Th(! many waste fuels whirdi are now being gasified in suction [)roducers while 
widely varying in their composition, are all eompaiatively low iii ash content, and 
ther(dorc presemt but the minimum of difficulty in clinker formation with fi.ved grates. 

In its simplest form the suction gas producer is not suitable for gasifying 
bituminous coal, or for fuels of a <'aking natuie. In specially designed siutiou 
])lants such fuels are used, as for instance, in the Uowson bituminous producer, 
in \vhich almo.st any coal not containing more than from 3(1 to 35 per cent, of volatile 
content can be gasified. With this type of plant the tar is converted into gas in 
the ju'oducer. 

The Dowson bituminous producer, whi(b is illustrated in Fig. 9(1, is of the double 
acting type. i.e. air is drawn in through the top. and through the bottom of the 
fuel column. The producer is open at the top. 'vhere it is charged, but there is no 
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Fu:. U7 .-The Campheli. i)pkn Hearth Scction Prodi ceu. 
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escape of gases, as air is drarvji inwards liy means of an exhaust fan. The upper 
part of the fire burns downwards, the liydrocarbons are distilled off, and the coke 
which remains sinks downwards into the lower ]ant of the producer,,where it meets 



FlO. 98.— TjIE KEUPELY ttEVOr.Vl.Va fillATE PRODUCEn. 


an upwards current of steam and air, and is converted into ordinary pi’oducer gas. 
The mixture of gases leaves tlu^ ju'oducer through an outlet about nvdway between 
the top and (he bottom. 
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The producer has a water bottom, so that clinker and ash may be removed 
wliile the plant is in operation. After leaving the producer the liot gas pass(^s 
through a vaporiser for cooling, and to generate the steam recpiired, thence passing 
through a water seal, and through special scrubbers to remove dust, soot, etc. In 
this process there is no tar, and no mechanical or other extractor is required. The 



( ■atupbell open hearth suction gas plant, wliich is illustrated in Fig. 1)7, was jntro- 
duced in order to gasify ceitaiii fuels which could not be satisfactorily dealt with 
in an ordinary suction producer, such as, for instance, small anthracite and coke 
breeze .slightly over J in. in size, and also small locomotive smoke box refuse 
or char. 
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The fuel rests upon a solid hearth fornung a conical fuel bed, the sides of which 
arc open to the atmosphere, ample area is thus obtained for the introduction of 
air, and also steam from the evaporator. 

It is not possible to gasify these small fuels on an ordinary enclosed grate as 
usually employed, owing to the very limited air spacing of the grate, the close lying 
nature of the fuel, and the impossibility of providing sufficient air to support 
combustion. , 

The 0 {)en hearth also provides facilities fpr poking and the nmioval of clinker at 
any j)oint around the hearth, without interfering with the process of gas production. 



Kll!. UKI. .\HR.\.N0KMKNT UK TllIlKK KsKI’KI.V I’ltODCCKKS VOU KllllNI! B.V'ITKIIV 
OK J..\.vc.\siirKH Koii.hh.s, (.Sec iiIhi) fiichij: pare.) 

Owing to the ])osition of the evaporator, the wall of the pioducei- next to the 
hottest part, of the fire is kept comparatively cool, clinker docs not adhere, and the, 
arching or bridging over of the fuel is avoided. 

For the gasification of low grade fuels, and more ^lartieularly waste fuels 
having a high ash content, mechanical and revolving grate producers are 
now extensively used. 

Among the advantages claimed for [noducers of these types as compared with 
fixed or st.ationary grate producers are the following :• - 

1. The. automatic removal of ash. 

i. Low labour cost in the handling of incombustible. 

3. More uniform and more complete combustion. 

•1. Operation for long periods without interruption. 

5. The gasification of much more fuel per square foot of fuel bed area. 
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ELEVATION ON BOILER FRONTS. 
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202 UTILISATION OF LOW GRADE AND WASTE FUELS 

0. Savin'; in spacp per 1000 cubic feet of pas pi'oduced. 

7. Freedom from dust and dirty conditions durinp the removal of ash. 

8. Production of pas of a uniform quality. 

9. Keduction in the cost of maintenance. 

Araonp pas producers of the mechanical tyiic which have been specially designed 
for the pasilicatibn of low grade and waste fuels, are the Kerpely, Stein (lhapman, 
Pintsch, Itehmann, and “ G. 11., ” all of n'iiich embody special and distinctive 
features in design. 'J'he Kerpely, Stein Chapman, and “ (1. 11.” producers will be 
described and illustrated. 

Tlw Kerpthj Malianical Gm Producer.- The principal features in the design 
of the Kerpely revolving prate gas jiroducer, combining mechanical rotaiy feed 
and distribution, and also balanced and adjustable agitators, are shown in Fig. 98. 

The grate is of polygonal .sluqx', and is arranged eccentrically on the water 
tiough. It has a continuous action in crushing any clinker formation. The (tinker 
when entering the ash zone is caught by the numerous edges of the revolving grate, 
and is pressed horizontally sideways against the seid ainon, being broken or crushed 
into small fragments, which falling into the wat('r trough are removed by the ash 
scraper. 

The ash scrapc'r automatically discharges the ash and clinker accumulating 
in the bottom of the producer, and being constnicted to suit the .shape of tin; ash 
trough, the ash is not only pirshed aside, but is |)iled up and continuously discharged 
into an ash shoot. 

The water cooled jacket of this producer is a valuable feature in the gasification 
of clinkering and caking fuels. By' means of this provision the use of an excessive 
(piantity of steam is avoided and the poking required with brick lined producers in 
breaking down the clinker is obviated. The sar-ing in labour and steam, tlu' 
production of a drier gas, and the prolonged life of the furnace brickwork are all 
points of importance. 

The supply of air and steam to the Kerpely producer is separately delivered 
to the inner and outer sections of the grate, and jrassing through the spaces 
between tlu' plates of the revoKnng grate ensures uniform conrbustion over the 
whole grate area. 

Other features of this jnoducer are the central rotary fuel feed and the balanced 
adjustalde agitators. With tlu! former a level fuel bed is ensured, the bed being 
stirred to the re(piired depth by the agitators. 

The .speed of the feed can be varied whihi in operation to .suit alt working 
conditions ; and a .safety device is fitted to prevent breakage of the feed parts, or 
damage to the motor as the result of iron or other foreign material passing through 
with the fuel. The dmm is easily accessible, for ch'aning. 

The agitators are balanced on ball bearings, and can be adjusted to work at 
varying dejiths of agitation, or to float on top of the fuel bed as may be 
required by the fuel which is being gasified. This adjustment may be made 
while working. 
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The agitator fingers or forks are made of a special heat resisting alloy, 
and while being easily renewabl(! arc not water cooled. The agitators may be 
lemoved thfough the top of the apparatus if desired without entirely closing down 
the producer. The power re(piired for the operation of the agitators is rather less 
than 1 II.P. 

The Kerpely high pressure producer for operation under ammonia recovery 
conditions is illustrated in Fig. ilO. This tyjte of producer is fitted with a patent 



rill. 1(11 .—Kf.rcei.v Has Valves amp UniNEiis kok 
I’R cMircEK Has Kmiimi. 

enclosed water seal coveiing the ash pan and I'cvolving grate. This arrangement 
en.sures the jiri'ssure of air under the grate, being the same as that above the water 
seal, so that no deep seal plates are necessary, with consequent difficulties in removing 
asli. \ high pressure producer having a fuel bed diameter of !) ft. ij in. will gasify 
over IfOOt) lbs. of fuid per hour. 

In Fig. 100 is shown the general arrangement of three Kerpely producers fitted 
with Bentley’s meehanical feed and agitators, gasifying a low grade coal at a Scotch 
colliery, the gas being used for the firing of a liattery of Lancashire boilers. Part 
of the boiler-house is shown in the illustration, h’ig. 101. as also the gas valves and 
burners. 






204 UTILISATION OF LOW GRADE AND WASTE FUELS 


Daily workin" analyses, with saturation temperatures, taken from Kei’pely 
producers usiiiK Midland producer coals, are given in Table No. 36, while in Table 
No. 37 complete d(!tails of an evaporative test are given as also analyses of the 
fuels gasified. 


TABLE No. 36 

Dnib/ G<ts Anab/ses for the month of June jl !>22, wUh n Kerpelij Gas ProtlU/Cer, 
inth Bentleifs Mechaniml Feed and A<jit'dors 
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TABJ.E No. 37 


Details of Ekafomtive Test with two Lancashire Boilers each 30 feet lon<j X feet 
diameter, fired htf a Ketfely Revolvin^j Grate Gas Producer, Gasifying Waste Fuels 


Dato of tc.st . . February 24tli, 1922. 

Duialioii of U*flt . . 6 hours {8 a.ni. to 2 p.m.) 

Fuol gasiHeil . . WasU* fuel, Parrot an<l pickings mixed (sec Analvs<‘.s l»olo\v). 


Time. .... 

8 a. 111 . 

0 i; in. 

10 u,iii 

11 a. 111 . 

12 noon. 

1 ]).m. 

2 p.ni. 

Weight of fuel charged, ewts. 


24 

i:ti 

24 

12 

12 

18 . 

Depth of tirc‘ . 

2' Kt" 

2' 11" 

2' 0" 

2' 10" 

2' 6" 

2'6" 

, 2' 10" 1 

Steam jnessuie, inner, lbs. 

6.'i 

0.5 

60 

60 

40 

40 

! 40 , 

„ „ outer „ 

2(1 

20 

2.5 

25 

25 

25 

30 

At jiuKlueer main gauge,* 








lbs. 

130 

130 

130 

140 

137 

110 

; 110 

Blast pr<*ssure, imier 

4r 

4.1" 

4" 

4' 

31" 

3.>," 

4" I 

„ „ outer 

Sat urat am tein|X‘rature - 

■f 

3" 

3i" 

31" 

3" 

3' 

! 1 

Inner .... 

,52" a. 

r>3’ c. 

.52 

52’ c. 

52“ f. 

.52 e. 

,51’c. ‘ 

Out<*r .... 

.58“ c. 

55'' c. 

.55' f. 

.55“ c. 

5.5“ 0. 

.5.5“ 0. 

i 54“ c. 

Water in gaugt^ (height) . 

8,i" 






; 81" , 

Boiler steam }>rt*ssure, lbs. 

130 

134 

132 

138 

140 

142 

1 107 : 

CO in Hue gases 







ie„ 

Draught 







•2.5" 

U'a integrator, unit .‘100 







; 043,045 ' 

lbs. .... 

042,8.57 

042,888 

012,010 

042,0.52 

042,084 

013,(M)8 

'rc‘m]>erature of feed water* 

150“ 1 -. 

;5;5“ c. 

,53 ■ c. 

,50“ c. 

.52“ c. 

54“ r. 

' 54“ c. ! 


'J’otal wal4‘r cviijX)rated 0(1,400 lbs. 

Total fuel gasilird 11,504 llw. 

WaUa* evaporated (mt hour (average) 0400 lbs. 
Fuel gasitiod tK*r hour 1027 lbs. 

Water eva|K)ra1ed per lb. of fuel gasihed 4-88 lbs. 


Fuel Analyses 


Pariol and Pu-kiugs. 


Description, ultiinute 
analvsis. 

Dried nt: 

As re- 

Proximate analysis 
as rt'ceiveil. 

t la 

s analysis. 



10.5“ (', 1 

ceived. 






IhTceut. I 

Per <‘en'. 

1 

I’er eent. 


Percent 

Carlsm 

35-.55 j 

31-06 

Fixed earbou (liv 1 

24-50 

( CO 

r.-s 

Hydrogen . 

3-.50 

3-35 

difTiU'enee) . | 

1 0 . 

•58 

Nitrogeji 

0'65 

0-62 

Volatile matter 

23-22 

CO 

23-21 

Oxygen (by difVerence) 

0 02 

0-51 

.1.S-/I . 

48-10 

H 

11 -5 

Siilpliur 

0-47 

50-20 

0-45 • 
-18-10 

Moisture 

4-18 

1 CH 

1 N 

2-85 

50-0 

.Moistiin* 


4-18 









100-00 




1(H>20 

j 100-27 

Sulphur iiK-luded in 




Jjoss eaneetion for 



fixed earUm, 




oxidation of pyrites 

0-20 

0-27 

volatile matter 







and ash . 

(1-15 




100(81 

100-(Ml 






(Jalorilic value, 

H.T.U.’s iK i- II). 6.58(t. 

. . 





Calories imw kilo- 





^ (Jaugo inaccura^'L see boiler pressure gauge iigures. 
* Fetxl water from nrodueer jackt*!. 
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The Slein Chapman Gas Vmincer, with Mechanical Agitator .—The Stein Chapman 
jnoducer whidi embodies an automatie feeil, mechanical agitation and a\itomatic 
ash extraction is illustratc'd in Fig. 1((2. * 

Tlie coal hop])er which will be seen in the ilhistration is kept filled with coal 
from a s|)ont, which connects with an overhead bunker. Alternatively, if desired, 
the coal may be sho\elled into the ho|)jier from tlie gromid level, the height being 
only 51 in. Fni.ii the hojiper the coal jtasses into a rotating drum. The drum is 
rotated intermittently by means of a rockiiif*lever carrying a ])a\vl, the lever being 
rocked by means of a connecting rial attachnient to the face of a spur wheel, driven 
by a ]iinion, which is carried on the sjjindle of a 2 U.H.F. totally enchwed electric 
motor. 

The interior of the drum is formed with three chambers, each having a capacity 
of from 10 to (iO lbs. of coal. As the drum rotates the chambers are. filled in turn, 
and in turn discharge into the producer. 

The drum acts as its own coal breaker, any lumiis too large to enter the chambers 
being broken between the front edges of the chambers, and a sharp-toothed .steel 
casting fixed in the ho|iper. A safety de\ ice in the form of a shearing pin is fitted 
in connection with the pawl. 

The drum is .slightly tapered out.side so that it may be adjusted endwi.se in its 
housing, either to take up or increase clearance, for ease of rotation in case tar or 
dirt may accumulate around it. Spiral ribs ar(>, however, |novided on the outer 
surface of the drum, which tend to work out any soot, coal dust, or tar, which may 
get between the drum and its hoii.sing. 

As the, coal leaves the drum it slides down a chute and falls on to a centrally 
arranged steel bell, which .scatters it evenly o\'(‘r the firi', adjustable deflectors being 
fitted to ensure uniform .s|)readiug. 

The Chapman agitator is of what is known as the floating type, aihijiting itself 
to the height of the fuel bed. ft rotates just beneath the average fuel level and 
does not break up the even and uniform bed of fuel below. Its operation is based 
u])on the known condition of the fuel bed, which for a de|;ith of from G in. to 18 in. is 
usually dense and dillicult to blow through. 

The agitator consists of a rake or horizontal arm carrying a series of stirring 
lingers, which j)roject downward from the arm and also forward in the direction 
of movement. The agitator rotates on the top of the firebed, the fingers projeiding 
downwards into it, harrowing or ploughing up the surface, which is levelled by the 
following action of the horizontal cro.ss arm. 

The depth at which the fingers operate in the fuel bed varies from 8 in. to 14 in., 
and is determined by the weight in the weight box. The most suitable depth 
dejends upon the class of fuel being gasified. 

The agitator is driven by a horizontal worm wheel, wliich in turn is driven by 
a worm on the same .shaft as that on which is mounted the spur wheel carrying the 
co<al dnim connecting rod. The hub of the driving worm wheel is made with a pair 
of lugs projecting inwards, which engage a pair of screw-like .spiral lugs formed on 
the driving head of the agitator. 
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Ill normal o|>eration th« worm wheel drives the agitator at about 7 revolutions 
per hour, so that every part of the, fuel bed is covered 14 times per hour. If, however, 
the agitator strikes an obstniction or becomes covered too deeply, wirh the fresh 
fuel, so tliat more power is required, the driving head automatically screws upward 

to a point at which the forces are again 
in balance. Similarly, if the top of 
th(' firebed falls too low the agitator 
follows it. 

The main purpose of the floating 
jirovision is to maintain uniform 
treatment of the firebed inde()endent 
of its level, but, as already observed, 
the arrangment also acts as a safety 
release in case the agitator strikes an 
obstruction. 

Further provision against breakage 
is furni.shed by the cut out on the 
motor and the main fuses. 

The stirring fingers are made of 
high carbon steel and can be easily 
replaced when worn out. The hori¬ 
zontal members are of tough metal, 
and hav'e lasted for two years in con¬ 
tinuous service, while there is no record 
of om^ having ever broken. 

The agitating arm, stem and driving 
head of the (hapman floating agitator 
are shown in Fig. UW. 

The C'liapman “ asher " or auto¬ 
matic ash e.Ktractor consists of an ashing 
beam, which is arranged diamefrically 
across the ash pan. It is of cast steel, 
2 in. thick, and 10 in. wide, and is 
curved backwards at the outer ends. 

The ashing beani revolves con- 
tinuouslv, and its speed may be adjusted from one revolution per liour to one 
revolution in ten hours. The backward curving einls of the beam result in more 
ashes being removed from the outer jiart of the firebed, where more are made. 
The beam is provided with agitating lugs or teeth, which project upwards and 
forward, through the ashes in the low'er part of the producer. The teeth, which 
are removable in case of wear, finger down any large pieces of ash, and break 
up arches which may tend to form biitween the jiroducer walls and the tuyere 
hootl. The}’ also agitate the ashes sufficiently to impart motion to all the lower 
part of the bed. 



Fig. lUS. Aiai.vnsci .\km. .Stkm. .im> Duivini; He.au 

OK lilE <'UA1'.MAN Kt.dATl.Nli .AgIT.ATOU. 
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The ashing beam is supported at each end by a large gear ring which rotates 
continuously. The beam passes round the blast pipe; under the tuyere head, but 
does not toitbh it, and has no bearing in the centre of the producer. Its bearings 
are all outside, where they are readily accessible for inspection and lubrication. 

Attachetl to the rotating gear ring there are six scoops, the front edges f)f each 
•set of three of which project rlownwards different distances into the ashes. Tlie 
result of this arrangement is that each scoo]) as it revolves removes ai£ equal quantity 
of the ashes, whi<di have been forced <M)t by the ashing beam. A fixed deflector is 
set diagonally over the ash pan, and as the scoojis pass under it th(\y arc', relieved of 
their load. The shape of the concrete ash pan is the same as in jiroducccrs in which 
the ashes arcc .shovelled out by hand. 

The asher is driven by a motor and gearing entirely independent of the agitator 
drive', so that in the event of a breakdown of the ash removal apparatus, the; aslic's 
may bc' shovelled out by hand, without stojeping the o])eration of the producer. 

In a |)a|)er ^ read beefore the Alanchc'stc'r Section of the Society of Chemiccal Industry 
on February 2, J92.‘h by T. Roland, Wollaston, M.I.M.K., and L. Booth, A. 
after referring to the' pc'rformance of ammonia rc'ccovery gas jirorlucers, tlu', authors 
expressced the opinion that “ thccre S 'cmc'd to bc', thrc'c' axioms ; 

“ (1) Coke is always a goeed ■j'J'oduccir fuc'l. Tlu're is enough heat in the gas 
h'aving thcc jcroducc'r to coke, or at least sc'iui-c'okc', the incoming fuel. It this 
coking is c'ffected ley direct contact between gas and fuel, the more volatile' 
constituents of the' latter will be taken up by and enrich the former. The final 
issuing gas will be cook'd down coiisiderably. Coke or sc'mi-c'oke only will reach 
the producer. 

“ (2) High blast saturation in early recovery [croduc'c'rs was adopted for physical 
rather than chemical reasons, that is to say, to reduce' the' temperature of the com¬ 
bustion zones, to avoid decomjeosition of the iimneoniji leiid to prevent the formation 
of clinke'r. Such modereition of temjee'rature .shoidel be obtainable as well by usedid 
radiation as by direect contact. Thee he'iit thus raeliateel is sufficient to genemite all 
the ste'am nce,'e'S.sary. 

“ (3) The welter bottom type of proeluccr is at eence be'st einel edieeapest, mechanical 
anel controllable eli.scharge of ash is sounel anel econeimie'al. Hyelraidic collection 
einel elischarge of large volumes of ash is a proveel sue'e'css, einel highly ecemomiced.” 

Based upon the above conclusions the R.C. preeelucer, the invention of Hr 
T. Roland, Wollaston, M.I.M.F., is perhaps the hitc'st type of producer pleint for tine 
satisfactory handling of low greide fuels. A full size plant heis been constructed 
having a ('apacity of 15 cwts. per hour, and has been thoroughly testeil during tin; 
past twelve months, with some of the most diflicult fuels available in this country, 
with eminently satisfactory results. 

Upon reference to the accompanying illustration. Fig. 104, the reasons which 
will account for the remarkably successfid results obtained will be apparent. 

The de.slgn originated in the idea of producing gas under ammonia recovery 

' Jounuil of lh‘ iS'orfV/f/ of Vhntticol ludnstrif^ May II. 1923. vol. xl.. N^(». UK 2(M) 203 '\\ 

“ INrrnt Dovult^imunls in (taw Pr<Kliicurs.'* I y T. Holanil. Wollaston. .M.I.M.K.. and A. L. Booth, A.I.C. 




Fi(}. 104.— The R.r;. Patent Produc’er. 
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conditions, as in the Mond system, but in working with much lower blast saturation, 
keeping the combustion zones and fuel bed generally at the necessary low temperature 

IN THERMAL UNITS 
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by useful radiation of heat to the unlined boiler surrounding the producer, and to 
the central bla.st superheater. Tlie producer thus generates all its own steam, with 
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an availnl)Ie surpluf!, and a gas more closely resembling “ non-recovery ” gas, i.e., 
with high CO and moderate H. Well authenticated results are clearly shown in 
the accompanying grai)hs, Figs. 105 and IOC. 

The princijial rciason for the adaptability of this jdant for low grade coal is in 
the provision of tlu; siij>eritnj)osed retort through which the true producer gas find.s 
exit. In this retort the de.scending coal is kept open, in motion and in contact with 
the outgoing g.is, at a temperature averaging 500” C., wdiich is sufficiently high to 
distil off the hydrocarbons (enriching the gifs thereby), and to convert the fuel into 
a soft coke, ideal for gasification in the ])rodu(ier. 

The nature of the fuel as regards ash content, sw'elling and caking properties, 
dust and moisture, have in [iractice no n))()reciable effect upon tlm ultimate coke 
droj)])ed into the producer, and fuels which in coking sw’ell to from five to she tinuis 
their original bulk give no trouble. A further valuable feature is the efficiency of 
the retort as a tlust catcher. 

The fuel thus fed to the ])roducer is not only free from caking qualities, but is 
also most suitable for the maintenance of even blast distribution, therefore permitting 
of very high rates of gasification i)er unit area. One of the most serious difficulties 
in the utilisation of low grades fuels in gas [)roducers is that of clinkering. iSuch 
fuels usually contain a consid('rable proportion of ash which is fusible at a low' 
t(!mperature. In antici 2 )ation of this difficulty and for other reasons w'hich ai)ply 
more in the case of a battery of j)roducers, the design of cruslu'r roll grate shown w’as 
devised to crush and clear clinkc^r. 

During the whole of the trials it has been shown that this provision is unnecessary, 
and no clinker of ap])reciable siz<i has been formed. This remarkable result is clearly 
due to the hnv tem[)eratures attained throughout the fuel bed by reason of the ra[)id 
heat traJLsference to tlu! anmdar boiler and central blast superheater. 

The outstanding advantages of this producer for the gasification of low grade 
fuels has been clearly demonstrated. Its performance when used in connection with 
by-]iroduct recovery is shown in the griqihs. Figs, 1(15 and KMi. 



CHAPl'ER XI 


STEAM" BOILERS 

Givkn normal conditions with a wide range of fuels to select from, the choice of the 
most suitable and efficient type of steam g«!uerator is not an easy matter, and 
necessitates the close consideration of various factors. 

In the many excellent works on steam boilers, while every detail of existing 
types is exhaustively discussed, there is a noticeable reluctance to single out any 
one type of boiler as possessing outstanding advantages over all other ty|)es. 

This attitiule is not surju'ising, because under normal conditions there is no 
particular typ(! of boiler which from (jvery |)oint of view is suj)crior to all otluir types, 
and it is for this reason that the choici; of thi'- most efficient boiler demands careful 
consideration of all the factors involvcsl. 

In this chapter it is not proposed to discuss steam boilers in <letail, but rather 
to direct atbmtion to important features affecting the suital)ility of boilers of various 
types for the utilisation of low gradt; fuels. Hitherto in the sdection of steam boilers 
this is an aspect which has not rciceived that consideration which it merits. It will 
be sid)iTiitted that if a steam boiku' is considered jnimarily from the i)oint of view f>f 
its suitability for utilising a wide, range (d low grade fuds, the choice of types is 
necessarily very restricted. 

Among the more important factors which should receive consideration are 
(rt) the grade or (piality of find which it is desired to use, (h) the steam ])ressur(^ 
required, (c) the desired evaporative capacity, («/) the nature of the (.lernand for steam, 
i.e. whether even and unvarying, or fluctuating, and (c) the floor space and height 
available. 

For convenience the various typi« of steam boilers available may be groujted 
as follows : 

(<i) Vertical type. 

([>) Cornish 

(c) Lancashire ., 

(d) Water 'I’ube .. 

Groups (b) and (c) wilt embody single due economic, dry back, marine and 
nudtihdndar boilers, as also doid)le Hue boilers of these types and Yorkshire boilers. 

VcHicul Boikn. In any coiisiileration of the comparative, suitability of steam 
boilers of various types, having due regard to the conditions an<l facilities obtaining 
for the utilisation of low grade fuels, this ty()e of boiler must to a large extent be 
regarded as useless. , 
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Limited in grate area, restricted in combustion space, difficult to fire, and even 
more difficult to clinker, deficient in heating surface, inaccessible for inspection and 
cleaning, it may be said that the plain \ ertical boiler not only demands the use of 
good quality fuel for its operation, but even then rarely gives a thermal efficiency 
of more than 50 per cent. 

With boilers of this type, owing to the very limited heating surface provided, it 
is a common 'experience to find the temperature of the exit gases as high as from 
900° to 1000° Fahr. 

The more efficient types of vertical boilers, such as the Cochran, Essex, and 
Spencer Hopwood, by reason of the ample heating surface provided, give a lower 
exit temperature in the gases, and accordingly an improved thermal efficiency, but 
for low grade and dirty fuels it cannot be said that they })resent good conditions in 
combustion space, limited grate area, and firing and clinkering facilities. 

There are conditions which necessitate the use of boilers of the vertical type, as, 
for instance, very restricted ground space, or limited steam requirements. In all 
such cases there is no doubt whatever that from the point of view of cost of steam 
generation it would pay handsomely to instal boilers of the multitubular fire tube 
or water tube vertical ty jje, of ample size, utilising coke breeze as fuel. 

The characteristics of this fuel are such that with the restricted combustion 
space provided with all boilers of this type, it is specially suitable. The low volatile 
content, the high percentage of radiant heat transmitted, and the freedom from 
smoke trouble are points of much importance. 

It is necessary to emphasise the nece.ssity for providing a boiler of ample size, 
bearing in mind that the usual rated cajxicjty of a boiler is based upon the use of 
the best quality coal and a good draught. 

As a general nde it is de.sirable to instal a boiler of not less than .50 per cent, 
increased capacity if it is desired to burn coke breeze instead of good steani coal. 
Apart from any other consideration this is necessary in the case of vertical boilers 
in order to provide ample grate area. 

The range of low grade fuels which can be utilised under the most favourable 
conditions is necessarily limited. As already observed the restricted combustion 
space demands the use of a low volatile fuel, while the facilities for clinkering are 
such that it is very important to limit the j)ercentage of ash. 

In the use of a dirty fuel not only is the removal of the.incombustible very 
troublesome and wasteful, but owing to the small steani and water capacity of 
boilers of this type, the cleaning of the fire involves a very serious drop in the 
steam pressure. 

Cornish Boilers.—About 120 yeare have passed since the Cornish boiler was 
introduced. All fire tube boilers, such as those of the Lancashire, Dry Back, or 
Economic, Yorkshire, and Lancashire and Cornish multitubular types, subsequently 
introduced, have been based upon or adapted from the standard Cornish design. 

Cornish boilers vary in dimensions from 10 ft. long by 4 ft. diameter, to 24 ft. 
long by 6 ft. 6 in. or 7 ft. diameter, the normal evaporation ranging from 800 lbs. to 
3500 lbs. of water per hour, and the working steam pressure from 80 lbs. to 200 lbs. 
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per sq. in. While Cornish boilers are occasionally constructed for the hitter working 
pressure, the usual working pressures vary from W) lbs. to 120 lbs. per sq. in. 

As a reliable steam generator this type of boiler is very popular and is 
extensively used, fn simplicity of design, .sound construction and freedom from 
trouble it possesses obvious advantages, while in many small works the reserve 
of steam and water provided is very advantageous. 

A standard Cornish boiler of the ordinary flat-ended type 's illu.strated in 
Fig 107. The dish-ended type of boih.i', with an eccentric flue, is shown in Fig. 108. 
This arrangement of the flue or furnace tube is said to improve the circulation. 



Fui. 107. —CoiiMsii Hoii.kh, Flat Knd Tyte. 

to what extent this claim is realised in practice is open to question, but it certainly 
does to some extent facilitate internal examination and cleaning. 

For an evaporation of u]» to 2000 lbs. of water per hour it is doubtful 
whether the Cornish boiler offers any outstanding advantage in etliciency over the 
best types of vertical boilers. Tlie ground space occupied is considerably more, 
while the capital expenditure involved for a Cornish boiler, its brickwork setting, 
and chimney will be. much higher. 

Regarded solely from the point of view of low giade fuel utilisation, the Cornish 
boiler is more satisfactory than tln^ vertical boiler, providing as it does better 
facilities for firing and clinkering. 

For an evaporation of from 2000 to .'5000 lbs. of water per hour a Cornish boiler 
of ample size may be arranged to utilise a wide range of low grade fuels, and if 
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provided rvifh a hot feed water supply, will iLsiwlly show a hif^her thermal eflicieacy 
than a vertical boiler of ecpiivaleut heating surface. 

Lancashire lioikrs. -'Hhc Lauca.shire boiler was first introduced in 1811, and 
with the tyjre just discussed has been deservedly popidar. It is estimated at the 
present time that from 80 to 85 per cent, at least of the steam boilers in use in 
(treat Britain are either of the.se types, or of types based upon the same. 

Lancashire'boiler's vary from (i ft. in diameter and a length of 18 ft., to 0 ft. 
in diameter and a length of 30 ft., the wort'ing pressures ranging from 80 lbs. to 
2(X) lbs. irer sq. in. 

The smaller Lancashire boilers, i.e. those of (i ft. diameter, are now but 
rarely installed, and may be regarded as obsolete practice. Such boilers are 
provided with furirace or flue tubes of about 25 hi. internal diarmster, piesenting 
very cramjied and hmited combustion sjrace, wliiie also being very inaccessible. 

The heating surface of a Lancashire boiler 20 ft. long try G ft. diameter is 
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•175 sq. ft., and its rated evaporation 3:100 lbs. of water ])er hour'. A Cornish boiler 
22 ft. long by G ft. G in. diameter has 455 sq. ft. of heating surface, and a rated 
evaporation of 3185 lbs. of water per hour. 

In practice it is found that the larger' coinbii.stion sjracc is of great advantage, 
])et'mitting the use of such low grade and dii-ty firels as cotrld not be rrtilised with 
the Lancashire boiler. 

The imrcli larger' fire door facilitates botlr firing and clinkering, while the iir- 
ci'cased area provided above the grate jrresents ntirch better conditions for 
combustion. 

Generally speaking, it is not good practice to instal a Lancashire boiler having 
a diameter of le.ss than G ft. G in. with furnace trrbes of 2 ft. G itr. internal diameter. 
Having in mind that the grate hrvel is usxrally arranged at the ermtre line of the 
flrre,' with a fire 8 in. in thickness, the available, combustion space of only 7 in. 
to the crown of the furnace is exceedittgly limited, and the conditions presented 
for the efficient burning of any fuel, other than those of low volatile content, arc 
most unsatisfactory. 

Although the great bulk of Lancashire boilers in use are of the flat-ended type, 
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as illustrated in Fig. 100, dish-ended boilers are now being imicli advocated, and 
a (considerable number are in use. While this type of boiler Is cheaper to manu¬ 
facture thart the flat-ended type, extended exjMM'ienee only will show whether the 
dish-ended design embodies any outstanding advantage over the (earlier design. 

For long life, with low maintenance cost and comparative fixaedoin from trouble, 
the, Lancashire boiler of the flat-ended type enjoys a high reputation, lloilers 
of the dish-ended type have not yet been in use for a sullicient length of time to 
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(hctermiiie whether they possess any appreciable advantage from the point of view 
of durability. 

On tlie contrary, Lancasliire boilers of the llat-end type hav(! in many cases 
been in continuous use for from twenty to thirty years, with a comj)arative 
immunity from trouble and expense, even under conditions which cannot be regarded 
us entirely favourable. In common witli the Oornish boiler the Lancasliire type 
provides a large steam and water reserve. In many industries when! the, demand 
for steam fluctuates, this is a feature of considerabh' importance, enabling sudden 
and heavy demands for steam to be met without a serious drop in the pressure. 

While the provision of good feed water is desirable with steam boilers of 
every type, generally speaking it is less important with Lanccishire and (lornish 
boilers than is the case with other types, and particularly water tube boihirs, 
which will be discussed later. 

Ywhskire Boikrs.- The Yorkshire boiler, illustrated in Fig. 110, was iiitioduced 
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in 1!>07, andtliffein fioiii the Lancashire type mainly in its maximum length, which 
is limited to 24 ft., in the design and arrangement of the furnace or flue tubes, and 
in the provision of a standardised grate area, which is always in a;oiistant ratio 
with the exit ai’ea of the furnace flues. 

As will be observed upon reference to Fig. 110, the two furnace flues expand 
from front to rear, increasing the area of the gas outlet to the extent of 30 per cent. 
This arrangement of the furnace flues provides for the highest temperature, the 
smallest heating surface, and the greatest weight of water at the front end where 
the transmission of heat is most rapid, and the largest heating surface, with the 
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smallest weight of watei', at the rear end of the boiler where the temperature of 
the gases is lowest. 

The ratio of grate area to the aggregate outlet area of the furnace flues is 
1-8 to 1 in all sizes of boilers. The Yorkshire boiler is made in a number of sizes 
from () ft. diameter and 17 ft. long to 0 ft. 1 in. diame.ter and 24 ft. in length. 
The rated evaporation of the smallest standard boiler is 28!)8 lbs. per hour, and 
that of the largest boiler 11 ,(KX) lbs. per hour. 

Economic or Dru Buck Boiler. -This type of boiler differs from the Lancashire, 
Cornish and Yorkshire tyiies in the provision of increased heating surface in the 
form of fire tubes e.xtending throughout the water space of the boiler above and 
at tlie sides of the furnace tubes. The gases leaving the furnace tubes at the rear 
return to the front of the boiler through the fire tubes into a smoke box aixanged 
above the furnace flues. 

If, as is the common practice, the boiler is .set in brickwork the gases leaving 
the smoke box then traverse the side flues to the, main flue and chimney. 
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In some cases, however, small boilere of this type are not sefin bi’ickwork, 
the boiler beiuf; set upon cradles, in which case the gases pass direct from the 
smoke box*to a chimney set immediately above. 

Boilers of this type are usually limited to a length of I t ft. and a maximum 
diameter of about 11 ft. Compared with a liancashire boiler 3(1 ft. long by 1) ft. 
having 1120 sq. ft. of heating surface, an Economic boiler 11 ft. long by!) ft. diameter 
has Kilo sq. ft. of heating surface, and assuming in each case cn equal coal con- 
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sumption per hour, the e.xit temperature of the gases from an Economic boilin’ will 
obviously be much lower, with a corresponding gain in elliciency. It is for this 
reason that the use of economisei’s with boilers of this ty]ie is not generally advocated. 

Wliere ground space is an important factoi’ the Economic boiler is advantageous 
by reason of its reduced length, less expensive setting, and the very ample and 
comjiact heating surface provided. For a shell boiler it is quick steaming, but in 
the provision of steam and water space it is not so satisfactory as the Lancashire 
type, while it is also more difficidt to clean and more costly to maintain. 

The Paxman “ Economic ” boiler is illustrated in Fig. 111. 
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Externallg Fired MuUUubular Boiler. —This type of boiler, while very ex¬ 
tensively used in the United States and in some other countries, has not been 
adojrted to any extent in this country, where it has never l)eon rej^arded as a serious 
competitor of established types, such as Cornish and Lancashire boilers. 

Locomotive Type Boiler. -Another type of boiler which is largely used in 
laundries and small works is the Locomotive type. In working efficiency with a 
good cpiality of fuel it has a very satisfactory lecord, but it is difficult to keep 
clean, and gencially cannot be compared with Lancashire and Cornish boilers from 
the point of view of accessibility and low maintenance cost. 

Water Tube Boikn-. -AYater tube boilera were first used about half a century 
since, but it is only within the past twenty years that they have been extensively 
adopted. 

The advantages of the water tube boiler may be briefly stated as follows :— 

1. High steam pre.ssures can be used with safety. 

2. The saving in ground space occupied for a given steam output is considerable. 

3. Much greater heating surface and evajmrative capacity can be provided in 

a single boiler unit. 

4. Ha])idity in steam generation, and greater flexibility. 

5. Larger grate area, better combustion conditions, more »a»ily iaptsible to 

the use of a wide range of fuels, and various methods of I;-; 

II IJif,. 

Against the advantages must be set the disadvantages of 
which are- 

1. (Small water cajwcity. 

2. The necessity for using jmre feed water. 

3. The need for greater attention than is devoted fo boilers of > |yp,.,j. 

The water tube boilers now on the market may be divided into two dni^.f, 
classes or types, vnz., the header type, and the direct tube to drum i,,„. 
The former typo compri.se the Babcock & Wilcox, S[iearing and Niclaiis.se boilers, 
while among the latter type are the Stirling, VVoode.son, Nesdrum, and 'I'hompson 
boilere. Each of these types embody distinctive featuifs in design, and may be 
taken as t)q)ieal of the best Briti.sh piactice in water tube boiler design. 

The present tendency is to provide much higher steam pressui'es, the practic¬ 
able Umit of pressuie with shell boilers such as the Lancashire type has long since 
been c.xceeded, and for pressures above 180 to 200 lbs. the use of a water tulie 
boiler is essential. A number of boilers of this type are now in use at a working 
pressure of 350 lbs. per sq. in,, higher pressures are occasionally asked for, while 
a pressure of 250 lbs. is now common practice. 

With increasing steam piessures there has also been a constant increase in the 
evapoi'utive ca 2 )acity of boilers. Only a very few years since a boiler having an 
evaporative capacity of 20,000 lbs. per hour was regarded as a very large unit. 

Boilers having a capacity of from 50,000 to 70,000 lbs. of water per hour are 
now in constant demand, and a considerable number have been installed. At the 
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Barton (’(-ncrating Station, of Manchoster Corporation, boilers of each having a’ 
capaeity of 100,000 lbs. per hour have been installed. 

Amonj? the largest boiler units whieh have been pnt into serviee in Enrojie 
are the Stirling boilers at Gennevilliers Generating Station, Paris. 

Each boiler unit has the following heating surface : 


Boiler . 
Superheater 
Econoini.ser 
Air heat(!r 


Siiimw feet 

<*f 

sui’fiue. 

22,000 

10,704 

12,915 

19,.350 


The working pressure is 355 lbs. per S(|. in., and the linal steam temperature 
752 degrees F. Each boiler is capable of evaporating 175.000 lbs. of water per 
hour, an e(|uivalent eva]M)ratiou to. say, 25 to 30 ft. by H ft. Laneashire boilers. 

fn tin* United States singh; boiler units are in use, each giving an eva|)oration 
of 225,000 lbs. of wat(^r per hour, while at present boilers are being maile having an 
evaporative capacity of up to 400,000 lbs. of water per hour. 

For rapidity in steam getioration the water tula? boiler is unique, by nsason 
of tlu? more rapid water circulation, tin? increasial freedom for e.xpansion and eon- 
traetion - (lu(? to temperature ehauges rendered laissible by the eonstruetioii of 
the Itiiiler, and tlu' comparatively small dead weight of water eontaine<l in the 
boiler. 

The larger grat(? anai, and the eonsidiirable inereasi? in the combustion space, 
which may be |irovided by setting the boiler sulticiently high, an? factors of great 
importance, not only in enabling a very wide range of fuels to bo utilised, but in 
•msuring the most efficient combustion conditions. 

Whih' tin? small water capacity of this type of boih'r ])r(‘sents conditions suitable 
for rapid steam g(‘neration, tin? small reserve of water and steam remlers the usi' 
of a boiler of this type undesirable in some industries, owing to the peculiar nature 
of the load and the great fluctuations in the demand for steam. 

There is a further point: with but a limiti'd water capaeity any interruption 
in the boiler feed involves a serious reduction in the water level, and a complete 
stoppage of the feed must quickly residt in the em])tying of tin? boiler. 

The use of a pure feed water is essential with water tube boilers, and any 
n(?glect in this direotion not only alfects the ellieieney of the boiler, but to a very 
large, e.xtent dtiterinines the, cost of its ujjkeep and maintemanee. 

The need for skilled and careful attention is of much more importance than is 
the, case, with a Laneashire boiler, and it is nsidess to ignore this factor. 

General Condusimn .—Beference has already been made to the limitations of 
the vertical type of boiler for the utilisation of low grade fuels. To a greater or 
l<?sscr extent these limitations apply to every other type of internally fire,d boiler. 

It must be admitted that a considerabli! number of Lancashire and Gornish 
boilers are being fired with a variety of low grade fuels, but there, is no doubt that 
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the' evaporative duty and efficiency obtained are low, whili; in connection with the 
larger installations the labour involved is too often excessive. 

To a large extent the results obtained in the burning of low grade fuels in 
internally fired boilers have been disappointing to steam u.sera, and in many hundreds 
of cases the use of low grade fuel has been abaiuloned in spite of the apparent 
advantage of a relatively low price per ton. 

Hitherto the^ experience in the use of low grade fuels for steam generation has 
been mainly confined to internally fired boilers, which are not suitable for-firing 
with such fuels, ij the full rated eraporatire outprd is desired. 

In the average case the steam user requires the full rated evaporative duty, 
or an output approximating very closely thereto, and experience has conclusively 
.shown that whether boilers are machine fired or hand fired the requirements rtinnot 
be met without continuous forcing, and a certain sacrifice in thermal efficiency, to 
say nothing of excessive wear and tear and high labour cost. 

In such circumstances it will be apparent that an initial advantage of several 
shillings per ton in the cost of fuel per ton may in the, final n^sult prove to be of no 
commercial benefit whatever. 

To take a typic.al case. With one Lancashire boiler, 30 ft. long x 8 ft. diameter, 
Welsh steam coal was being burned costing 40s. pee ton delivered, the a.sh content 
being 7 per cent. The rate of combustion averaged 23 lbs. per square foot of grate 
per hour (grate area 38 sq. ft.), the (^vaporation being at the rate of 7!500 lbs. 
per hour. 

Instead of Welsh .steam coal, it was decided to burn a fine Leicestershire slack 
co.sting 28s. per ton delivered, with an average ash content of 21 t)er cent., and a 
moisture content averaging (> per cent. Having in mind that grates C ft. long were 
previou.sly used, it was umhfsirable to increa.se the grate area, with the re.sult that 
the evaporation was reduced to .')700 lbs. per hour, when burning at the, rate of 
30 lbs. per sq. ft. of grate per hour. 

Even had it been po.ssible to burn upwards of 39 lbs. of fuel per sqtiare foot 
of grate per hour continuou.sly, and thus obtain the dc.sired evaporative output, 
the comparative financial results would not have encouraged the continued u.se of 
the low grade and cheaper fuel, inasmuch as the extni fuel cost alone would have, 
Ixien at lea.st 2s. lOd. per hour. 

It is scarcely necessary to observe that buniing fuel at the rate of upwards of 
.39 lbs. per square foot of grate per hour involves inefficient operation, while to 
expect a fireman to handle, IfiOO lbs. of fuel per hour, as also 360 lbs. of incom¬ 
bustible, instead of 874 lbs. of coal and 61 lbs. of ash, and to be enthusiastic, is, to 
say the least of it, to expect rfither too much from human nature. 

This typical case clearly illustrates why there has been and still is a dispo.sition 
to avoid the use of low grade fuels; it further serves to show not that an internally 
fired hoiler is unsuitable for burning a low grade fuel, but that impo.ssiblc residts 
are expected by the steam user, and promised by the vendor of firing equipment. 

In the case di.scussed, had the evaporative output required been 4000 lbs. per 
hour,— in other words, had the boiler been amply large for the (waporative duty 
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capaeity of 100,000 lbs. per hour have been installed. 
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which may be |irovided by setting the boiler sulticiently high, an? factors of great 
importance, not only in enabling a very wide range of fuels to bo utilised, but in 
•msuring the most efficient combustion conditions. 

Whih' tin? small water capacity of this type of boih'r ])r(‘sents conditions suitable 
for rapid steam g(‘neration, tin? small reserve of water and steam remlers the usi' 
of a boiler of this type undesirable in some industries, owing to the peculiar nature 
of the load and the great fluctuations in the demand for steam. 

There is a further point: with but a limiti'd water capaeity any interruption 
in the boiler feed involves a serious reduction in the water level, and a complete 
stoppage of the feed must quickly residt in the em])tying of tin? boiler. 

The use of a pure feed water is essential with water tube boilers, and any 
n(?glect in this direotion not only alfects the ellieieney of the boiler, but to a very 
large, e.xtent dtiterinines the, cost of its ujjkeep and maintemanee. 

The need for skilled and careful attention is of much more importance than is 
the, case, with a Laneashire boiler, and it is nsidess to ignore this factor. 

General Condusimn .—Beference has already been made to the limitations of 
the vertical type of boiler for the utilisation of low grade fuels. To a greater or 
l<?sscr extent these limitations apply to every other type of internally fire,d boiler. 

It must be admitted that a considerabli! number of Lancashire and Gornish 
boilers are being fired with a variety of low grade fuels, but there, is no doubt that 
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or' rice versa,, tlicre is no other type of boiler which can be used with an equal degree 
of efficiency or satisfaction. Having in mind that pulverised fuel firing is certain 
to be very widely adopted within the next few years, and that the usp of fuel in this 
form will give an immen.sc impetus to the utilisation of very small fuels, which arc 
at present to a large extent wasted, this is a point of considerable importance. 

For the efficient utilisation of waste heat, whether in the form of blast funmce 
gases having a calorific value of 100 Il.T.lJ.’s per cubic foot, coke oven gas having 
a calorific value of .'iOO K.T.U.’s, or gases from a refu.s(( destructor, this type of 
boiler is generally conced(!d to be superior to all other types. 

This adaidability of the water tube boiler is possible because the boiler is 
externally fired, and also because it may be so set as to provide a sufficiency of cubic 
ar(!a between tlu’ grate level, or the firing floor, and the tubes, to meet tlu; require¬ 
ments of any fuel or any system of firing. 

Similarly in regard to grat(> area, while from (i ft. to 7 ft. would of nec(!.ssity lx; 
the limit in lengtii for hand firing with any type of Ijoiler, a chain grate or travelling 
grate mechanical stoker niiiy be. installed, providing a furnace length of from 
11 to 1(1 ft., thus making it possible by considerably iticreasing the grate area to 
mechanically fire and utilise low gradi' fuels such as could not otherwise be utilised, 
as also to obtain therefrom an evaporative output such as would be quite impossible 
under hand fired conditions. 

A further important point in the burning of solid fuels with boilers of eviry 
type is the disposal of the ash or incombustible. When low grade fuels are used 
the percentage and total weight of incombustible, residual which has to be handled 
often pre.sents a very serious problem. 

With internally final boilers fired by hand, the cleaning of the fires and the 
removal of the ash is laborious and exj)ensiv<‘. If the boilers are machine fired, the 
incombustible is by the reciproca ing motion of the firebars automatically carried 
over the rear of the grate to tin; a.sh chamber. As the storage capacity of this 
chamber is neces.sarily very limited, if the fuel is very ilirty this deposit has frequently 
to be raked through the ji^hpits for removal. 

With machine fired water tube boilers the removal of incombustible is much 
simplified, and may be both continuous and automatic. By jiroviding ash hoppers, 
and an underground ash tunnel, the incombustible passing over the dumping bars 
at the rear of the grate tmters the ash hopper, which in turn delivers it either on to 
or into an ash convejmr, or alternatively into trucks ready for removal. 

Considered from every jwint of view it must be conceded that the externally 
fired boiler embodies facilities for the utilisation of a very wide range of fuels, 
both high grade and low grade, and solid and gaseous. It may be regarded as 
unforturmte that no other type of boiler offers equivalent advantages, but, as 
will have been observed, the determining factors are, and must be, grate surface 
and combustion area. 

Imi)ortant as these factors are under all conditions and with every clqss of fiud, 
in the efficient utilisation of low grade fuels they are of paramount importance, 
and as such cannot be disregarded. 
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Internally fired boilers provide both a very restricted combustion space which 
cannot be increased, and for all practical purposes a fixed grate area ; the width is 
constant, and the length ean only be varied within very narrow limits. 

■' At present there is no sign that internally fired boilers will be rapidly superseded 
by water tube boilers for general industrial use, but there are distinct signs that 
at collieries, and at the larger works adjacent to coal fields, machine fired water tube 
boilers will gradually displace boilers of the Lancashire type, enabling low grade 
and cheaper fuels to be efficiently utilised in increasing quantities, at or near to the 
point of production, with a considerable reduction in both fuel and labour cost 
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FUliNAC’ES AND FIUINCi 

V 

CtR-en the most suitable type of steam gencratoi-, the efficient utilisation of low 
^rade or waste fuels will to a very lar“e extent be determined by the fuinaee 
e(pii 2 }nient provided, as also its operation and control. The term furnace equip¬ 
ment is used in its broadest apjdieation, and is intended to cover every system or 
method of buriiin<i: solid fuel on firates. 

When discussinji the utilisation of various fuels, and also the comparative' 
suitability and efficiency of steam boilers of various types, in pnsvious chapters, 
it has been necessary to refer to methods of firing, inasmuch as the practical value 
of any fuel is determined by the means employed for its use. 

The pioblcms presented in efficient firing are deemed to be of sullicicnt im- 
jiortancc to warrant discussion in a separate chapter. For t his reason it was decided 
to devote this chapter to the consideration of furnaces and firing. 

Machme Firim/.-- Kather more than a century has passed since the first 
mechanical stokers, then termed “ Fire Itegulators,” were put into successful opera¬ 
tion in this country, both in London and Birmingham. 

FiVen the strongest advocate of machine firing will scarcelv contend that with 
a history of one hundred years behind it, the mechanical stoker of to-day, more 
jiarticularly as applied to internally fired boilers, is a perfect ajiparatiLs. or that 
it adequately meets all conditions and re(|uirements. 

It is true that mainly with a view to preventing or minimising the emission 
of black smoke, improving firing conditions, and also saving labour, mechanical 
stokers have bei'n v'ery extensively adopted, but it is e(|ually true that manv 
hundreds have been dismantled in favour of hand firing. 

'Theoretically machine firing should show a distinct imjirovement over hand 
firing in every ri^spect; actually this has not been the case in a very large numlx'f 
of installations, (fenerally .speaking, in any boiler house wheje more than two 
boih'rs are in use together, there is, or should be, a delinite saving in labour co.st, 
but against this has to be set tin' disadvantages of machine firing, which mav be 
briefly summarised as follows ; - 

(1) That some mechanical stokers both of the coking and sjirinkling tvqics 

do not cover the grate with fuel iimI keep it corereil. 

(2) 'That with mo.st makes of mechanical .stoki'is it is imperative to select 

suitable fuel, they will not efficiently burn a wide range of fuels, and 
particularly low grade liu'ls, without a considerabh' sacrifici' in "vajiorative 
output. 
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(:i) That as a general iule the cost of upkeep and maintenance is much too 
high. 

(4) That in the event of a breakdown it is usually impossible to resort to hand 
firing, with any degree of satisfaction. 

These are points of importance which it is useless to belittle ; they are, moreover, 
points which in the evolution and development of the naa'lianical stoker have 
not even yet re(!eived that close attention which they not only merit, but demand. 
To discuss the above points seriatim. 

(J) Failure to cover the grate evenly with fuel, and to keep it covered, involves 
the passage of excess air through the grate, and is a direct and grievous caus(‘ of 
inethcieiKiy and loss. 

It must be conceded that with coking fuels there is a tendency for the fuel 
to " mass ” at the front, and move forward more or less in ludk. The nat>ire, of 
tlu! fuel may be, blamed for this (Usadvantage, but at tin; same time it mav l)e 
assumed that the coking stoker is, or should be, designed for the use of coking fuels, 
and that such fuels should ade<juately cover the grate. 

'Pile defect in (juestion is not ])eculiar to coking stokers or coking fuels. With 
some mechanical stokers of the sprinkler type tlu; distribution of tin; fuel is such 
as to leave bare or thinly covered portions of the grate immediately inside the 
fire doors on both sides; furthei', tlaur; is a tendency not to ade(|uately cover the 
giate at the sides throughout its length. 

There is no doubt that a skllkd fireman can cover a grate of reasonable length 
and keep it covered more evamly and thoroughly than is possible with machine 
firing. It is true that in this res])ect sonui mechanical stokers are more satisfactory 
than others, but in the opinion of the author even the most satisfactory feeding 
mechanism falls short of the results which can be obtained in the int(;lligent 
'■ placing ” of the fuel by a skilful fireman. 

Automatic feeding mechanism r(>(|uires intelligent adjustment or regulation 
in order to secure satisfactory results, and unfortunately machine fired apparat us 
vi'iy frei|uently does not receive that attention which it demands. 

(2) There has been much disappointment among those who have adopte<! 
mechanical stokers owing to the limitisl range of fuels which can be efliciently used. 
If has been found that there is not the same elasticity as with hand firing ; in short, 
instead of the mechanical stoker being suitable for efficiently burning a reasonably 
wide range of fuels, too often experience has shown that the fuel must be selected 
to suit the firing e(]uii)ment. 

In the. best interests of the steam user it is not d('sirable that he should Ix’ in 
any way tied to the use of a ])articulai- fuel, obviously h(“ is jilaced in a much moie 
satisfactory ])osition if able to change the source of su|)ply without delay or 
inconvenience. 

liOw grade fuels with a high ash content jnesent difficulties when burned 
with nu'chanical stokers in internally fired boilers. While all moving ])arts aie 
not exposed to such trying conditions as when surrounded with incandescent walls, 
as in the- case of water tidjc boilers, the combustion space is restrii tcd, and under 
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such conditions given a dirty fuel of low calorific value the rate of combustion must 
of necessity be high in order to obtain the required evaporative output. 

The effect of this is to reduce the thermal efficiency, and to caury over into the 
flues an excessive quantity of ash and fine fuel, both partially consumed and to a 
large extent unaffected by the fire. The nece.ssariiy limited space behind the grate 
for the rece])tion of clinker and ash also presents a difficulty and must be frequently 
cleaned, whiclj involves raking the contents of this chamber and the ashpit to the 
front for removal. < 

The author is of opinion that the best all-round rcsidts with mechanical stokers 
applied to boilers of the internally fired type can be obtained with fuels having a 
volatile content of from 10 to 20 per cent, and an ash content not exceeding 
10 per cent. While this narrows the lango of fuels which can be thus’ utilised, 
its general recognition would tend to bring about a marked and widespread 
improvement in the efficiency of operation. 

It would obviously be foolish to blame meebanical stokers for the imfavourable 
combustion conditions under which they arc required to operate. That these 
conditions with internally fired boilers are unfavourable is not a matter of opinion, 
but a matter of fact. This being so, in their own interests, as also the intiirests 
of the steam user, it would .surely be preferable lor the makers to recommend a 
range of suitable fuels, ratber than claim to burn with efficiency any fuel of suitable 
size from a very low grade and diity slack, to rich high volatile washed nuts. 

(3) This may be.st be discussed in conjiuiction with No. 4. 

There can be no question that the cost of upkeep and maintenance has been 
far too heavy. To some extent this has been due to the fact that careful periodical 
inspection has unfortunately not been the common practice. Repairs which 
at an early stage would not be troublesome or expensive have been and are 
neglected until they become compulsory and costly. 

Given (careful and systematic inspection and attention, with replacement at 
the proper time, there is no doubt that the cost of maintenance may be considerably 
reduced. It is not the actual cost of replace jrarts alone wliich has given cause 
for disappointment and dissatisfaction, but the eo.st of labour for week-end work, 
or the contingent cost of a stoppage or partial stoppage, due to a breakdown, and 
also the fact that reasonably satisfactory hand firing as a temporary expedient 
has been foimd to be impossible. 

In the desire to encourage the adoption of machine firing there has been a 
disposition upon the part of mechanical stoker makers to disregard or belittle the 
importance of skilled attention. Despite all that may be said to the contrary 
by those who are interested, machine firing demands either skilled attention or 
alternatively close, regular, and systematic supervision, in order to obtain the best 
rerults, and the minimum (s»st of maintenance. To ignore this is to court trouble, 
expense, unreliability, and inefficiency. 

It is still claimed that it is worth while to instal mechanical stokers in con¬ 
nection with a .single Lanca.shire boiler, but unless under specially favourable and 
unusual conditions it is difficult to realise wberein the advantage lies. 



FURNACES AND FIRING 


22!) 


In actual labour cost little or nothin" can be saved. A capital expenditure! 
o£ from £150 to £200 or more is involved, with possibly on annual maintenance 
cost of from ft to 20 per cent, of the capital cost. 

With three or more boilers in use there should be a clear advantage in labour 
cost, particidarly if coal and ash handling plant are installed. When such an in¬ 
stallation is operated for three; shifts daily, the saving in labour co.st should be 
considerable. 

Apart from this aspect, there is net doubt that machine firing and meehanical 
coal and ash handling, materially improves the boiler house conelitions. This is 
a factor of some importances and erne whiesh will have to be faceel. The wetrking 
conditions in many boiler houses are deplorable, and caimett be ealculatesd to 
encourage; the best interest or effort. 

Although it has bee;n claimeel that machine firing is well aelaptesd or all con¬ 
ditions of load, and that a fluctuating load does nett jtresent any elifllculty, this is 
not strictly correct. 

Mechanical stokers operating in conjunction with self-contained forced draught, 
or induced draught, must of necessity be much more flexible than stokers depenelent 
entirely upon chimney or natural draught, but the metst efficient performance; 
of maeshine fired furnaces is invariably obtained uneler conditions where the demand 
for steam is steady. 

It should be; elistinctly understerod that the fore'gesing observatieens are concerned 
with mechanical stokers as applied te) internally fired boilers, and mainly to those 
of the Ijancashire tyj)c. 

J faving in mind the cenuparativc numbei's e)t water tube boilers and internally 
fired boilers in use, mechanical steekere have been much me)re extensively adopted 
with the former type of boiler than the latter. 

Although Lancashire boilers have be(;n made in Great Britain for nearly eighty 
years past, extraordinary as it may seem, the various makers have never devoted 
close; attention to its efficient filing e(|uipment, either by hand or machine. On 
the contrary, in the development of the water tube boiler, by the best known 
makers, very close attention has constantly been given to the problems of firing, 
and to the most efficient use of every class and grade of fuel. 

It is mainly due to this reason that the machine firing of water tube boiler's 
is a record of steady progress, although it must be admitted that for boilers of this 
type machine firing was and is essential, not only in order to smokelessly burn a 
wide range of fuels, but also because of the gradual increase in the size and capacity 
of the boilers, and accordingly the large (|uantity of coal which has to bn burned 
in a single unit. 

Ill so far as Lancashire boilers are concerned the design, manufacture, and 
exploitation, both of mechanical stokers and efficient hand fired furnaces, has been 
left to firms who have speciali.sed in this work. This, to some extent, may be 
regarded a* a reproach upon boiler makers, but it can scarcely be disputed. It is 
to be regretted that those who have been r(;sponsible for tbc design and manu¬ 
facture of boilers of such a popular and very extensively used tv})e, have, to a very 




Fks. 112. As Kaklv 'I'vi’K of .Me< ham('ai. Stokek i’dk ftiunu I>ak(;e (.‘oal. 

■ Th(> first iii(!(^hanicul stoker of tlie eliaiii jirate typo was jiatented by Jlr John 
Juckes in 1811, of which it is recorded tliat it was completely successful in the 
prevention of smoke, while also showing a substantial improvement in fuel elliciency 
over hand firing. Twenty-five years since the author saw some Juckes stokers 
in operation under Lancashire boilers in Glasgow. 
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The meelianical stokers now in use may be. In-oadty divided into two distinct 
groups or classes, viz. coking stokons and sprinkling stokers, the former typo 
embodying, as its name implies, the coking j)rinciple, ami tlu^ latter type the 
mechanical sprinkling or spreading of tin; fuel over the grate. 

In Fig. 112 is shown a simple type of mechanical stoker for the firing of lump 
coal, which was used in Scotland some thirty years since. Tt is believe<l that this 
is the only mechanical stoker which has ever been used for firing huge coal. While 
no recau'ds are available as to its performance it may be assumed that the (udy 
advantage realised would be in the elimination of hand firing, as it would obviously 
be impossible to keep the grate aderpiately coveri'd, and to prevent a veiv con¬ 
siderable e.Kces,s of air passing through the grate. 

Among the earliest, and still one of tlu! most successful stokrrs of th(‘ coking 
type, is the well-known Vicar’s mechanical stoker, which was orignially patented 
in 18(17. One distinctive feature of this mechanical stoker is the, use of unusually 
short grates. 

Other well-known mechanical stokers of the coking type an; the llennis, 
Hodgkinson, and lleldrnm, and of the sprinkling tyjie tlu^ lletmis, I’roctor. 
Triumidi, and Meldrum. Thes(! are the makes of mechaiucal stokers which are 
now mainly us(‘d with Lancashin; and internally fired boilei’s. Stokers ol these 
makes and typ(w are no longer used to any e.xbmt with water tube boilers. 

In so far as mechanical stokers of the coking ty])e an^ concerned the principal 
points of difference between the various makes referred to are. in the iletails of the. 
coal feed and in the design and type of grate used. Further, some stokers an; 
ojHuated under natural or chimntiy draught only, others embody self-contained 
forced draught, which is usually |irovided by means of steam je.t blowers. 

Similarly with mechanical stok(!rs of the sprinkling tyiie, the essential and 
important points of difference are pn;cisely the same, maiidy affecting the coal 
f(;eding mechanism, the design and arrangement of tin', grate, and also the iur su])ply. 

The Benni/i Cokinij Bloker—The llennis coking stoker, illustrated in Fig. 112, 
comprises a coal feeding machine, furnished with ho[)pers (a) into whicli the, fuel 
is fed. Duplicate feed boxes (6) are jdaced beneath the hopi)ers and over the lire 
doors (e). The feed fjoxes an; provided with adjustable reci])rocating rams {<!), 
which sup{)ly the coal to the furnace alt(;rnatively and intermittently, the fuel being 
temporarily carried on sujiplementary coking bars (c) on its way to the, maiil com- 
press(;d air furnace bars, each with its inde])endent air sup[)ly. B<;twecn the feed 
froxes (6) is a sight hole, through which the condition of the fire can fa; observed. 

The feed rams are recijrrocated by meairs of levers depending from a rockiirg 
shaft (J) operated from the gear feed" l)ox. Tlu; length of the, rotary movement 
imj)arted to the rocking sfiaft is regulated by means of a large hand nut next to 
the gear box. This regulation of the length of tlu; stroke; of the rocking shaft 
’■egulates tfie length of stroke of all the rams operated from this shaft. 

In adflition to this regulation a fine screw operated by a hand nut in a convenient 
])osition is provided to each reciprocating ram {(/), so that small dilferencos in the 
beirning capacity of any part of the furnace; due tee variations of elraught may be 
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Fig, 113.—^Thb Benihs Coking Stoker and Compressed Air Furnace, application to a Lancashire Boiler. 
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met. Tlie coal feed is thu.s adjii.stable and controllable. Beneath ttife feed boxes 
fire doors (c) arc provided, so designed that air circulation takes place through them 
under pressure. 

The burning capacity of a coking stoker grate is determined and limited by 
the speed at which the fuel ignites as it leaves the feed boxes. If largo burning 
capacity is desired meatus must be provided for increasing or speeding up the 
ignition capacity, beyond that which normally occurs when fresh c.tal is introduced 
in front of a bright and active fire. 

In this respect the Bennis stoker is very satisfactory ; below the fire doors (c) 
a series of stationary coking bars are provided, having air spaces along their upper 
siufaces, and also at the ends. Air under pressure is forced through these bars, 
being picked up from the hollow grate by means of a dipper (/) carried by the hollow 
furnace bars. 

A higher air pressure is needed hero than in the furnace or grate bars, becau.se 
at this point the body of fuel is thickest. 

The. air passes through the air spaces iji the coking bars (e) into the mass of 
coking fuel, and assisted by the circulation of air from above, considerably expedites 
the ignition. 

It will be observed that tlic level of the coking bars is several inches above 
the grate hivel; the object of this is to partially break up the coked fuel so that it 
may travel forward in a more open condition. This is a point of some importance, 
as with good coking fuels, with the coking spaet; and grate practically on the same 
level, there is a constant tendency to carry forward masses of coked fuel; under 
such conditions it is extremely unlikely that the grate will be thoroughly covered, 
or that the air will penetrate the, ma.ss of fuel evenly. 

Below the coking bars is tin; furnac(i or grate, comprising self-cleaning compressed 
air bars. The bars all move forward together for a distance of about 2 in. and are 
withdrawn singly by means of a 4-in. wide cam, on a transverse shaft. 

To reduce the wear these cams arc made the full width of the bars. The motion 
of the bars is .so arranged that (sich bar on its outward travel moves between two 
other bars, which are for the time being stationary. In travelling from the front 
of th(! tiro to the back the coal ascends an iiuhne of about 3 in. The clinker and 
ash is slowly carried to the ends of the bars, which arc provided with a dumping 
block (1) for their preservation, and falls over into a closed chamber. 

The grate is made up of hollow firebars or troughs, these being covered by short 
interlocking bars which can be individually replaced without aff(‘cting the other 
portion of the grate. 

The, driving gear for the, coal feed is distinct and separate from the gear which 
operates the grate. In both cases the power is obtained by belt drive from a line, 
•shaft, usually placed immediately over the front of the boiler. 

The, feed gear comprises a pair of spur reduction gears contained in a totally 
enclosed oil bath ca.sing, with a belt pulley at the side. At the inner or .stoker side 
of the casing an eccentric disc is provided with rod and oscillating lever on to the 
rocking shaft, and a reciprocating motion of the latter is thus obtained. A hand 
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ildjusting nut jirovided on the connecting rod enables tin', length of \he strokt; of 
the rocking shaft to Ix! varied to feed any desired quantity, iij) to the maximum 
cnpac’ity of Yhe stoker. 

The tlrive for the furnaces is entirely independent, an enclosed gear box 
being provided, containing a set of sjmr rcaluction gears, the slow speed shaft of 
which is con])led direct to the shaft driving the bars. A two-speed belt pulley is 
provided so that the speed can be regnlabal to suit dilTenmt fuels. A disengaging 
clutch in the. belt pulley enables the motion of the bars to be entirety sto])ped. The 
clutch is designed .so that it can be thrown in or out of gear with very little effort. 

.4ir is forced thnnigh the grate bars by tneans of steam jets, the steam being 
superheated by means of a side, flue superheater. 

The. Triumph Hprinkhr (SVoAcr.- -The Trium))h sprinkler stoker is illustrated 
in Fig. 111. As designed for the burning of low grade fuds it endiodies a forced 
draught furnace of the steam jet blower type, the, grab; com|)rising trough bars 
fitted with renewable grids having graduated air spac(!s which form the .surface 
of the, grate. 

The, cams for the reciprocating movements of the grate are so designed that 
both tlu! backward and forward movement of each fmibar is provided by the 
sanu! cam. 

'I'hese are slippe<l loosely on to a square forged steel shaft and (^an he easily 
removral and nqilaced. 

The coal being fed into the hojrpers (A) gravitates into a feed box containing 
an adjustable puslu^r slide (C), which receives a rectilinear reciprocating movement 
by moans of a crank worked at a spcasl suitably accelerated by a triple train of 
straight gearing from the rqiix'r shaft, (.r). 

At regular intervals this slidi', which is in tlu^ form of a step plate occupying 
the full width of tins fecal box coal feeder, piislu's forward a small charge of coal, 
which falls in front of the, V-shaped reiunvable .shovel (D). which is held by strong 
forgecl steel arms on c'acli side of the feed box, keyed on to an axle .shaft with widcc 
bushed Ixairings. On the shaft (. 1 ) is keyed a four-armed chilled cam (F), the 
projections of which severally engage an hardened steed trigger (0), keyed in tin; 
ccnitre of the, shovel axle shaft; this action raises the attached shoved arms to their 
luiedvweiret position, ready to strike. A prolongation of the shovel arm in the form 
of a crank lever is eonne'cteed to a powerfid re-eoil spring (E), wdiiedi is compressed 
during the backward movement f)f the arms given liy the eaxm. 

At the nmment of release the, spring drive's the shovel smartly forweirel, scattering 
the ediarge of coal over the surface exf the tire ; the shovel then returns to its back 
position, and the slide, (C) again ediarges it with a definite e|uantity of fuel. The 
slide', can be thrown enit eef ge,ar so that the feexl te) either furnace may be shut off 
iixlependently, eind the traveerse of the sliele meiy be regedate-el see as to permit of 
mexre or less fried being fexl as requireel. 

fn oreleer to elistribute the fuel uniforndy ear thee greite the; cam (F) has femr 
arms eef unequal length, which successively compress the spring more err h'ss, and 
accorelingly vary the throw of the shovel. 






















110 . —The Bennis .Sprinkler Stoker. 
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' I The stoker is driven from a countershaft in a suitai)le position above the boiler. 
Th(! driving-gear bracket is bolted to the extended furnace front plate (R) and is 
fitted with two separate pulleys, taking the belts from the countershaft and driving 
respectively the feed motion and the firebar motion. The pulleys Uy means of 
vertical screw g(yiring set in motion their respective shafts having similar gearing 
at the ends, transmitting a slow rotary motion to the horizontal shafts. By this 



J'lc. 117 .—Side Vjkw ok Tiikowx.nu Box. Bbvms Si'Kinklkk St«H\KK. 

arrangement both tin; feed motion and the firebar motion can be used either 
in(le|)endently or in conjunction, and tin; ratio of speed of cither motion can be 
adjusted to suit the fuel to be u.se<l. 

The Proctor Spriuhkr Stoker. The Proctor sprinkler stoker or the well-known 
radiararm shovel ty|)e is illustrated in Fig. 115, which shows a stoker of the .standard 
type, for use, with natural draught or induced draught. For the utilisation of low* 
grad(i or waste fuels, while induced draught is sometimes em|)loyed, tlu;* stoker is 
usually designed for use in conjunction with the zenith forced draught furnace 
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made by Messrs W. Whittaker, Ltd., which arrangement provides for a self-contained 
forced draught equipment. ' 

T/te Bennis Sjtrmldmj Stoker. ~T]\b Bemiis sjuinkling .stoker is illustrated in 
rigs. IIG aiw’ 117. From the hopper, which has a capacity of about 3 cwts., the 
fuel passes to a cast-iron feeding-box underneath, in the interior of which is a simple 



Fn;. 1 IK. -Hattekv gf Langasihuk Bgii.bhs at a HiinuNtaiAM Wgkks kih'iet’KD 
WITH Bennis Situnklek Stokeks and (Ni.mi’hkssed Air Fi kn.u es. 


form of pusher phite with an adjustable reciprocating motion. The fuel falls in 
front of the jaisher pl.-ite and is pu.shed over a ledgi' formed by the bottom of the 
feeding-box. 

The weight of fuel so pushed over is regulated by means of an adjustable cam 
on th(> driving shaft so that the rate of feed can be seen by noting the jiosition of 
the cam. By turning a hand nut the coal feeil can be graduated over a widti range. 
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, Falling on to a flat plate called the shovel box, the fuel is projected into the 
fire at intert'als by means of an angular shovel which is so arranged as to sprinkle 
the fuel over the entire width of the grate. A side view of the throwing-box is 
shown in Fig. 117, with pneumatic cylinder, variable throwing cant,' shovel arm 
connection, and renewable tripper. 

The .shovel is actuated by means of pneumatic gear, which consists of a long 
coiled spring enclosed in a cylinder and pressing on a piston, the function of the 



Kru. lltt.—T ub .SEM'-rosTAisRi) iMPEi.r.ED J)BAti0HT Tkavbi.i.iso (!rate .Stoker. 


spring being to propel the shovel forward. Any remaining momentum is taken 
up by an air cushion to avoid shock or jar to the boiler front. 

The rotating tappet which draws back the shovel has four varying lifts. The 
effect of this is to scatter the fuel over the lire in four zones of feed, each about 
18 in. long, the object of this Ls to secure in(;andescence between the periods of feed. 

Tins .shovel arm is attached to a steel rocking shaft which rests in three replaceable 
external bearings. The ends of the steel shaft are turned to a sliding fit. The shaft 
is made with two projecting arms of channel section, one down each side of the box*, 
which form the seatings to carry the shovel arm. 
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Th(! shovel arm is of rcotangular section and is made from fine oyen heart if 
acid steel, and is bent round and carried up both sides of the bo the upper enils 
being fitted in+o the projecting arms of the shovel shaft, where they are secured by 
means of screws and locking pins. 

The grate of this type of stoker is identical with that already described in 
connection with the coking stoker. 

Fig. 118 illustrates a large battery of Lancashin! boilers at a Birmingham works, 
c(juipped with Bennis sprinkling stokcis and compressed air furnaces. 

The. Selj-Conlained Inipe'led Dmmjht Tmi'ellimj (Irnie iSlokvr. —Tin; self-contained 
impelled draught travelling grate stoker, made by The Underfeed Stoker Co., Ltd., 



l^K!. 120.—Ti{K Sm.i'-cosi'AiNHii [mi’Ei.i.eo DuACiarr Tu.wku.inu (Iu.me Stokkk. 

and illnstrated in Figs. 119 and 120, has been extensively adoj)ted for the firing of 
water tube boilers. Fvaporative tests with stokers of this typo burning coke breeze 
are given elsewhere. 

The design of this mechanical stoker is novel, embodying in the one unit the 
stoker, motor-driven forced draught fans, and the .stoker drive. 

This tyjie of stoker is in use with a wide range of fuels, and its flexibility and 
ofllciency, even with very low grade fuels, is remarkably high. 

The .stoker comjirises an endless moving grate of box-shaped firebars mounted 
up.ai chains, the links of which engage sprocket wheels, which are rotated by a novel 
mechanism, receiving power from a suitably placed ilriving shaft. The caps of the 
firebars are perforated or slotted for the delivery of air into the fuel. 
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' The grate is made up of a plurality of moving box-shaped sections which 
gradually open as- they pass around the rear sprocket wheel, close again underneath, 
oj>en again at the front sprocket wheel, and finally close when passing under the 
hopper, presenting a flat fire surface. 

The air supply from the forced draught fans arranged at the ends of the hoppers 
enters through rectangular boxes at the sides of the stokers, and flows respectively 
into longitudinal air chambers, one on either side of the stoker. 

These air chambers have their upper surfaces inclined at an angle of approximately 
30 degrees, and are provided with longitudinal openings for the delivery of air 
into the open ends of the box-shaped firebars. 

This arrangement provides for progressively varying the quantity of air admitted 
to different parts of,the fuel bed, so as at the front, where the fresh coal is being fed 




Fio. 121.—The Bbnsis Chain (Ibate Mei hasicai. Stoker. 

and the resistance to air admission is greatest, the maximum quantity can be 
.supplied, while at the back, where the fire is thin and open, the minimum of 
air is admitted. 

The control of the supply of air to the fire is arranged by the movement of 
hinged triangular shaped dampers. These dampers can be placed in any desired 
position by the movement of operating handles, with the result that the quantity 
of air delivered can be regulated, and can thus be progressively varied from the 
front to the rear of the stoker. 

The fuel is delivered in the ordinary way to the hopper, from which the quantity 
fed upon the grates is regulated by a sliding shutter which is raised or lowered by 
a rack and pinion. 

The machine is moimted upon four wheels, and can if so desired be withdrawn 
in the same manner as a chain grate stoker. 

Although usually arraJiged with self-contained impelled draught, this stoker 
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may be operated cither under natural or induced draught if so desired.. For the • 
larger boiler units, in connection with which more than one stoker is used, each 
.stoker being self-contained, it is possible if necessary to shut a stoker down in¬ 
dependently of Ihe other stokers. 

The. Bennis Chain Grate Stoker—T!he Bennis chain giate stoker, illustrated in 



Figs. 121, 122, and 122, embodies several features of interest in its design, and has 

th. .a.. .h. Wk .< .h. hopper ™ hinped „ Jhot 

the / can be dropped to permit of the tube doors above being opened , the back 
of the hoppef is^^o sealed to prevent air leakage to the furnace. The hopper is 
provided ^th a cut off valve and operating arm so that the supply of fuel from 
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'the hoppe^r to the grate may be cut off, this valve being so arranged that in cutting 
off the suj)ply of .coal it (ravels with the flow. 

At the back of the hopper the fire door slides veitieally ; it "is lined on the 
inside with refractory bricks. The.se doors can be adjusted to any height by means 
of suitable mecdianism so as to regulate the depth of fuel which travels on to the 
grate. An indicator is provided on the side showing the height in inches of tlm 
tire door above the grate level, thus giving the dejrfh or thickness of fuel which 
is being fed oh to the grate. ® 

The grate frame is constructed of cast-iron, stiongly ribbed and fitted with 
bearings to carry the front and back drums. The frame is bolted togethei' by 
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channel steel distance pieces and bolts, and is substantially cross braced. The 
whole stiucture is mounted upon wheels and can be withdrawn. 

The grate links are of what is known as the halved type, being halved at the 
point of juncture with the succeeding link in the series, which ensures a close join*, 
and a continuous surface throughout. The air spaces are corrugated. 

The speed of grate travel is variable over wide limits, being effected thiough 
a grate change gear box with spur wheel gearing, of different diameters, built u]) 
in combination with the driving worm and not reipiiring the use of a key. 

The gear is operated by means of a handle arranged to engage with ^he 
notches of a gate, and it is impossible to interlock more than one gear at a time. 
The gear bo.x is enclosed and oil-tight. 
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A safety friction clutch is jrrovided .so that in the event of the toixpe bcinj' 
increased above what is re(|uire(l to drive the grate under normal conditions, the 
clutch slips, anjl the grate is released from excessive driving stresses. 

The Hennis stoker is arranged for use under natural, forced, induced, and iilso 
balanced draught. 

Returl Stokers. -Within recent years mechanical stokers of the retort or arch¬ 
less type hav(! been applied with much success to water tube boilers^ among these, 
being the Erith Roe multiple retort stoker, the Riley multiple retort stoker, 
and the “ F ” nudtiple retort stoker, the two last named being of American origin. 



Km. 12+.— '1’hk Kiirni UoB Mci.tici.e IIbi'ort Stokf.ii, rmisi'Ei rivE 
X'lF.w OF Kcksace. 

'I'he outstanding features of mechanical stokers of this type arc the simplicity 
of the furnace brickwork, and the advantage of increased direct radiation from 
the. fii'(i to the heating surface. 

The Erilh Roe Mullifle Retort Stoker. With stokers of this type, no brickwoik 
arehe.s of any kind are used. Coal is fed from the. hopper by the charging action 
of the rams into a trough oi' retort (a)ntaining a reciprocating pusher, which dis¬ 
tributes the fuel at its thieke.st section outwardly over stepped tuyeres and stepped 
hollow grate bars between the retorts, whence it travels down to, and over, moveajble 
grates (which extend over the. whole width of the furnace), eventually reaebing the 
adjtistable grate bars, wliieh continuously dischargi; the ash and clinker into the. 
ash hopper. 

The ste])pcd hollow grate bars between the tuyeres of each retort arc capable 
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of reciprocation, and air at low pressure is admitted through them to the burning 
fuel. While the' retort sides and tuyeres are stationary, the reciprocating move¬ 
ments of the stepped hollow grate bars, being independently adj^^s{able, transmit 
the required degree of sliding motion to the fuel, so that even where the fuel supply 
varies from time to time, the formation of masses of fused clinker is prevented 
from accumulating to any serious extent, the fuel being steadily advanced under 
control, by the combined action of the pushers in the bottoms of the retorts, and 
the reciprocating stepped hollow grate bars, reaches the moving extensioil grates, 



Fig. 126.—Kkith Kok Mui.tici.k Retort Stoker, LosfaTCDis.Ar, 
Se<!Tionai, View of Furnace and Stoker. 


when combustion is almost completed, and on these moving grates combustion 
is finished, leaving the incombustible to be automatically discharged over the ash 
bars into the hopiicr. 

A unique feature of this stoker is the provision for thiee independently 
controlled stages of combustion, viz. a primary stage in which' air is admitted at 
full pressure into the thickest portion of the fuel bed ; a secondary stage in which 
a controlled supply of air at reduced pressure is introduced into the partially burnt 
fuel travelling down the stepped surfaces between the retorts • and, a final stage 
where low pressure air is distributed through the nearly burnt out fuel travelling 
over the moving extension grates to the ash hopper. 
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' ' The fsjict that witli this stoker all movin" parts are indej)endeutly adjustable 
is a distinct advf.nce in stoker praetiec aiul ensures a most useful flexibility in 
working:, and the necessary conditions for utilisinj' a wide range t)f fuels with 
cfliciency. 

Thus the pushers on the retort bottoms can be worked in conjunction with 
both, the stepped hollow grate bars and the moving extension grates, or either 
of them, or they may be kc])t stationary. Thi; stepped hollow grate bars and the 
extension grates can be tpiickly adjusted in like manner in relation to each other 
and the pushers, so that the late of trav('l of the frrel bed is under complete control, 
and can be adjusted to meet tlu; re<|nirem('nts of widely vaiying fuels without 
stopping the stoker. 

The stoker is built up of units consisting of standardised interchangeabl!' parts, 
and is of simple design. Any re<|uired number of units can be assembled to form 
a stoker suitable for any width of boiler. 

h’igs. 124, 125, and 12(1 illustrate the Kiith Roe stok<'r. Fig. 121 being a 
perspective view of the furnace. Fig. 120 a longitudinal sectional view of tlu; 
furnace and stoker. Fig 121) shows an Erith Roe dujilex stoker in connection 
with a large double ended water tube boiler ami capable of burning up to 2.50 tons 
daily. , 

(xcnerally the Erith Roe stoker is of massive construction throughout, and is 
designed to minimise wear and tear ; it is motor driven, and the forced draught 
air supply is delivered by means of a direct coupled motor-driven fan through the 
air chamber beneath the stoker. 

The, Rileji MnUi/de Ret rt iSVoA-cr.— The Hiley multiple retort stoker, which is 
illustrated in Fig. 127, is widely used in the Fnited .States, while in this country a 
number of installations have been in us<! for many years pa.st. The <‘xternal ])ortion 
of the stoker compri.ses a number of coal feeding rams, actuated by a heavy slow' 
moving crank shaft, which is driven in sections through doidrle worm speed 
reduction gears. All geais are machine cut, arul the thrust is taken by ball thrust 
washeis. 

Any section of the grate can be driven independently i)f the others, thus 
enabling the lire to be maintained of an even thickness across the furnace. A 
.shear pin fitted to the connecting rod of each ram prevents damage to the driving 

Coal is fed to the rams through the hopj>er, which is arranged immediately 
above the ram cylinders. 

The furnace part of the stoker consists of a series of retorts corresponding to 
the rams already referred to. Each retort has a fixed bottom plate and tw'o moving 
elements which support the fire bed, and whi(E also distribute the fuel throughout 
the furnace. These moving elements form the sides of the retorts, and carry the 
moving tuyeres through which the air for combustion is admitted at regulated 
pressure, the extension grates which admit air at reduced pres.sure for burning off 
any cond^ustible in the ash before it reaches the dump, and the rocker dump 
plates. 
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The dump plates are hinged, the free ends being carried on rollersj which giVr 
the plates a rocking motion, whereby the ash is continuously discliarged. 'The 



Kid. 127. The Rii.ey .Mci.tici.e |{EroKT Stokek. 


tvidth of the ash discharge opening is adjusted from the outside, to suit the ash 
content of*the fuel. 

No furnace arches are used, the combustion is smokelessly completed within 
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'tl!e thick bgd of fuel. Whatever size the furnace may be it is provided with four 
straifjht walls only, the entire surface of the fire is incandescent and radiates heat 
direct to the boiler tubes. 

In operation the coal is fed to each retort by its own ram and is distiibuted 
through the furnace by the moving elements with the Riley conveyor tuyeres. 
The air chamber under the complete stoker distributes air for combustion through 
the moving elements. As the fresh coal below the fire bed rises from the retorts, 
the volatile matter is disengaged, and burned Without smoke, by mixing with air in 
its travel to the surface of the thick fire bed. Air at reduced pressure is admitted 
through the stepped extension grates, to burn off any combustible remaining in 
the fuel, before the residue is discharged by the rocker dump. 

The “ F " Multiple lielort Slalrr. This type of mechanical stoker, which is 
illustrated in Kig. 128. has been introduced by The Underfeed Stoker Co., Ltd., in 
order to meet conditions which can be most efficiently met by the under feeding 
of the coal and the carrying of a thick or deep fire. 

The stoker consists of a seiies of retorts or troughs spaced about 21 in. apart. 
The coal is forced from the hoppers to the top ends of these inclined troughs by 
the usual form of ram, the rams being reciprocated by cranks and connecting rods. 
In wide furnaces the stoker is made up of groups consi.sting each of several retorts, 
each gsoup having its own crank shaft. 

Each crank shaft is driven by a variabhi speed gear in such a way that each 
group of stokeis mav have the (piantity of coal which it feeds varied in relation 
to any other group. Shearing pins are provided so as to avoid damage to the 
stokers should any foreign material such as iron become lodged between the face 
of a plunger and the hopper. 

Each ram or plunger is ])rovided with a cross pin and steel yoke, the lattcrr 
being cariied on a guide rod. This yoke reciprocates the auxiliary pushers W'hich 
carry the coal evenly and positively dowtrward throughorrt the length of the trough. 

The stroke of the lower pirshers is made adjustable by means of a shaft 
located above the retorts (see Fig. 128) which engages or disengages with pawls 
or dogs attached to the moving rod. This important feature, i.e. the adjustment 
of the travel of the auxiliary prtshers, enables the depth of fire at the front or top 
of the retorts with relation to the depth of fire at the bottonr of the retorts to be 
varied. It also provides for the quick covering of the lower grates and duntj) grates 
after dumping. This provision also enables a coke fuel bed to be broken when 
smarting up after banking periods. 

The stoker is made in various lengths in order to provide grate areas properly 
proportioned for the duty demanded, taking into consideration also the character 
and <juality of the fuel to be burned. That part of the stoker within the furnact! 
is inclined generally at an angle of 20° from the horizontal. 

To prevent the erosion of the walls, and more particularly the front walls, a 
row of non-clinkering furnace blocks, forming a part of the stoker, is placed withira. 
the front wall in such a way as to be connected with the main air charliber of the 
stoker, and discharge air immediately over the front of the fire. This air admission 
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ib iilso of coijsulerablc value in burning carbon monoxide, which with most coals 
is formed with this class of stoker immediately inside the front walls. The blocks 
are clearly shown in Fig. 128. ^ 

Ample space is provided for the accumulating ashes and clinker and by the 
arrangement providing for the adjustment of the dump grates, the clinker con¬ 
taining capacity may be increased as it accuimdates. The dump plates arc actuated 
by worm and gear, or for very wide, stokers, power mechanism may be employed. 
When the dump grates are dropj)od the air s'lipply is automatically cut off as 
shown in Fig. 128. 

'I'he tuyeres jmssess distinctive featiires. The shape and air distribution, which 



Fio. 129 .—Pluto Stoker, AiTi.u .vno-s to a W.vteu 'Pi- RK Boiler. 


is ecpial round the entire tuyere, and the large cooling surface are important points 
in minimising wear, and maintenance, cost. 

Tkf, Pluto Stoker.- The Pluto stoker is a type which has been very successful 
in continental countries in the utilisation of low grade fuels and is of Dutch make. 
This type of mechanical stoker is referred to in Chapters III. and IV., where details 
of evaporative tests with brown coal, lignite and peat are given. The ai)plication 
of the stoker to a water tube boiler is shown in Fig. 121). 

The grate is in two sections, one slightly inclined downwards from the hopper, 
and the other towards the back end horizontal. Both sections of the, grate are 

4 ... 

formed of long narrow bars having a reciprocating motion. 

The inclined grate bars consist of troughs with comparatively restrictetl air 
siiacing, machined on both sides and on the sliding surface, the upper portion or 
lire surface of the trough is filled with small and easily replaceable standard fire bars. 
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The horizontal grates bars are of similar construction and engage witji the inclrtv.ll 
bars in their reciprocating movement. Both the inclined and horizontal grates 
slide on three cast-iron air boxes. 

At eaelt side of the grate throughout its length in front of the brickwork are 
fitted steel side plates. Tluise side plates keep the moving bars of the grate close 
together and at the same time prevent the flow of excess air. 

The reciprocating movement of the grate is provided by mi'ans of a rocking 
driving shaft provided with levem and connecting rods, each bar being driven 
separately. 

The rocking driving shaft is actuated by means of a steel arm conneefed lo 
hydraidic driving gear, so that the sjieed and amount of travi'l of the grate bars can 



be easily adjusted. For most ordinary installations the boiler feed pump may be 
used for the hydraulic driving gear, but for large installations special pumjis arc 
provideil. 

If desired the driving gear may be jirovided for direct motor drive or a chain 
drive. Tlio whole of the <lriving mechanism in any case is arranged at the front of 
the boiler so as to be easily accessilile. 

The stoker works with forced draught. The air supply is divideil, part passing 
,down through the inclined trough bars and issuing beneath the fire, through the 
.small fireirars which form the upjier portion of the trough. 

The remainder is led under the horizontal section of the grate and through 
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thg'ash bars., The air supply is regulated by means of adjustable dampers, and the 
volume delivered at the back end of the grate reduced to the minimum necessary 
for completing combustion. 

If desired, the horizontal section of the grate may be operated uiider natural 
draught. 

The air ports in the inclined grate are so projwrtioned as to provide the minimum 
of air for the upper portion of the grate, but for the most active combustion on the 
lower portion of the grate, diminishing as the fuel reaches the horizontal bars. 

The arrangement of the air supply is shown in Fig. 130. The fire door is of an 
unusual type and consists of a number of fire-brick lined castings hanging from a 
horizontal rail, the whole being raised or lowered to provide for different thickne8.ses 
of fire by means of a worm and screw gear. 

It will be noticed that on the fire side of the fire door a large fire-brick sluice is 
provided which also may be raised or lowered. This is only fitted in installations 



Fig. 131.—Fire Door or Pluto Stoker. 


where it is at times required to burn a very low grade fuel. In such eases the sluice 
is opened and a correspondingly thick fire is obtained. The fire door is illustrated 
in Fig. 131. 

The hydraulic motor is an interesting feature of the Pluto stoker. It can be 
worked by water either from the boiler feed pumps or from other pumps specially 
provided for the purpose, the latter jirovision is usually made in connection with 
large installations. The pump cylinder is about 12 in. diameter. When the motor 
is arranged below floor level the drive to the rocking shaft lever is from an extension 
of the piston rod. In other cases, when the motor is on the firing floor level, head 
room is saved by a crosshead drive to the lever of the rocking shaft. The main' 
valve of the motor is moved across at the end of each stroke by water pressure 
controlled by a small pilot valve operated by the pump crosshead arm, the idea 
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being similar to that on which the design of vertical boiler feed pumps is often • 
based. 

The Pluto stoker can be applied to any type of water tube boiler, one of its 
advantages is the unusually large grate which it provides directly under the boiler, 
and the small space required in front of the 
setting. The grates are made in widths 
ranging from 4 ft. 11 in. to 8 ft. 10 in., 
and in lengths from 6 ft. 6 in. to 13 ft., 
measured on the inclined portion. The hori¬ 
zontal ash bars vary in length from 1 ft. 8 in. 
to 6 ft. 6 in., according to the class of fuel to 
be burned. 

With machine firing it is the common 
l)ractice to provide grates of such a length 
that hand firing over the same length is quite 
impossible. Chain grates are now made up 
to 16 ft. in length, whereas a skilled fireman 
cannot properly cover and keep covered a 
grate exceeding 7 ft. in length, while preferably the length of a grate for hand 
firing shotdd not exceed 6 ft. 

This wide disparity between the possible grate areas under machine and hand 
fired conditions is such as to demand for the latter the use of a much superior fuel, 
while at the same time in all probability reducing the boiler capacity considerably. 

The succesaM application of machine firing to even the largest boiler units, 
the efficient utilisation of a very wide range of fuels, many of a very low graile and 
high in a.sh content, the general reliability of the stokers and their comparatively 

low cost for upkeep and maintenance, 
are all factors which much ensure their 
general and rapid adoption in connection 
with all water tube boilers. 

The Sandwich Si/stem of Firimj- 
An interesting and simple improvemimt 
having for its object the simultaneous 
firing of coke, or coke breeise, and slack 
coat in superimposed layers, and in 
variable proportions, is shown in Figs. 
132, 133 and 134, which illustrates the 
application to chain grate mechanical 
stokers, and underfeed stokers re¬ 
spectively. 

This system of divided or auxiliary 
hoppers providing for the coal to be fed on top of the fuel bed is generally known 
as the “ Sandwich feed.” As a simple means of efficiently utilising coke and breeze 
with coal with machine fired water tube boilers it has been very successful. 



Fuj. 133 .—Thb Sandwich System, Appucation 
TO A Chain (iRatk Mechanical Stoker. 



Fit;. 132.- The Sandwich System. Appli¬ 
cation TO A (’rain (JR.VTE MPA’HAND Al, 
Stoker. 
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Th(! Sajidwich system is referred to in Chapter V., while it is usual to provide 
two comjjartments'only in a hopper; as will be observed upon reference to Fig. 133, 

the number of divisions may l>e increa.sed in 
order to provide for the blending of more 
than two fuels. 

The accompanying Table No. 38, giving 
the miniimim and ])referred setting heights 
for boilers of various types, with stokers of 
a nund)er of types as recommeiKhsl by the 
United States Stoker Manufacturer’s Associa¬ 
tion, is of much interest, showing as it <loes 
that the demand for increased and amphi 
comhustion space, is now becoming general. 

While, some of the boilers and mechanical 
stokers referred to arc not uscrl in this 
country, the data given in Table 38 is useful 
and marks a distinct advance. 

11(111(1 Fired F((nu(C(‘x.- W’hih^ the ten¬ 
dency within, tlu! past few years has un- 
doul)te<lly been towards tln^ num; e.xtended 
use of niaclune. liring, mainly with a view 
to r(slucing the cost of labour, and also 
h(>causi.^ of the scarcity of skilled boiler lir(!- 
men, hand fired furnaces ar(i still very e.v- 
tensivcly us(al for internally tired boilers. 

The rea.sons why machine, liring has not 
dis])laced hand liring to a much greater e.vtent 
have already been discusseil. 

If it W(U'e ])racticable uj)on a large scale 
and under a variety of working conditions to contpare tlu! relative, thermal 
efficiency obtained with hand fired and machine fired Lancashire boilers, then! 
is no doubt that the average record with machine firing would he shown to be 
higher than hand liring in spite of the fact that mechanical stokers are, but rarely 
operated to the best advantage. 

The principal reason for this is that men who hav(i been trained and who are 
capable of really efficient hand firing are now rarely seen. A skilled fireman is 
usually worth more than he is ])aid, and the development of skill has not been 
encouraged, owing to the general disposition of steam users to regard the work as 
unskilled, and of comp.arativoly little worth or imixrrtance. 

In that very valuable work, “ Steam Boilers anrl Combustion,” ' Mr John Batey 
refers thus to the necessity for employing trained men : 

“ Whatever diversity of oj)inion exists on these matters, there is none in regard 
to the advantage of working steam boiler plants by brainy men, including 
* “ Steam Boilers and Combustion,'’ by John Jiatoy, pp. So-Si). 



Fit!. 134.—'I’liE Sanowk'h Svsif.m as 

-Al’n.lFJf lO AN r.NDKKI KKI) Mfa HANI 
CAL StOKKK. 




TABLE Xo. 38 

Minimum and Prejerred Settimj Heujhis recommended by Stoker Manujacturer s Association Jrom Floor to Ske'l or Header 

of Boiler in feci and inches 
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intelligent stokers. These can be obtained, if the price is paid, but such 
^price is supposed to be prohibitory, for which rea.son .uechanical aids 
have been introduced, yet even these require skilled (jperators, if the 
best economy is to be obtained, because whatever the, excellence of 
mechanical methods may be, none have been produced that can (•omj)are 
with the best hand firing, both for fuel economy and (|uantitative 
efficiency.” 

No hand fired furnact', has yet been tlevised which is independent of, or whi< h 
by any feature! in its ilesign can conqiensate for lack of skill upon the part of the 
fireman. On the contrary, it may be observed that tlu! better the furnace is designed, 
and the greater its potential efficiency and (‘conoiny, the more inqiortant it is to 
provide skilled operation. 

The ordinary hand fired natural draught furnace as usually supplied l)V makers 
of Lancashire and (,'ornish boilers as the .standard firing equipment, while being 
unsuitable for the efficient burning of the higher grade fuels, is utterly useless for 
burning low grade fuels. As a standardised furnace it is designed and supplied 
without any regard for draught conditions, the graile of fuel which it is desired to 
us<!, or the evajwrative duty re(|iiircd from tlie boiler. 

The length of the grate, its design, and air spacing would aj)pear to be jaiints 
which have received little or no consideration. The usual practice has Ix'en to 
provide grates (i ft. long and to use a standard air sjaicing, irresp(!ctive of indivi<lual 
conditions and re<piirements. 

Owing to their limited range of use, their lack of flexibility, and their inefficiency, 
to a very largo extent these furnaces have been supersisled by furnaces capable of 
burning a wide range of fuels and a limited range of low grade fuels. 

While for ?iatural draught operation many inqm)\'ed firebars have been intro¬ 
duced, to a considerable extent the tendency in hand firing has fjcen towards 
the adoption of furnaces suitable for burning slacks and small fuels, and also for 
enabling an evaporative output to la; obtained from boilers in <'xeess of that 
obtainable uiid<‘r natural draught. 

For the,se |)urj)Oses forced draught or steam j(‘t l)lower furnaces have been 
very extensively adopted. Furnaces of this type were originally introduced \qiwards 
of thirty years since for the utili.sation of coke breeze for .steam g(!neration iti gas¬ 
works, at a time when coke breeze was a waste fuel. TIu! riisults th(!n obtained 
were so satisfactory that similar furnaci!S embodying various improvements wer(! 
widely adopted, not only for the utilisation of small and inferior fuels, but also for 
overcoming defective natural draught, and ineniasing the evaporative capacity 
of boilers when burning higher grade fuels. 

Steam jet blower furnaces have already been referred to and illustrated in 
Chapter V. in connection with the utilisation of coke breeze for steam generation. 
The steam consumption of the nozzles or jets has been the subject of much criticism 
and controversy, and there can be no doubt that in connection with some furnaces 
of crude design the consumption of steam is excessive. 

It has been customary to express the steam consumption in percentage terms 
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of the total cv^oration of the boiler, sometimes without any regard f(ir the class 
of fuel burned and accordingly the rate of evaporation obtained. 'It will be ob\ ious 
that the percentage of steam used when burning a low grade fuel at a high rate of 
combustion, and giving a comparatively low (ivaporative output, must be much 
in excess of that required when burning a gooil quality of fuel at a lower rate of 
combustion, and giving a greater evaporative output. 

Assuming a Lancashire boiler .30 ft. long x 8 ft. diameter burnipg coke breczi? 
at the rate of 2^^ lbs. per square foot of grate, anil giving an evaporation of .aOOO lbs. 
j)er hour. The steam consumjition should not exceed 3 ])er cent., or I.aO lbs. of 
steam per hour. This cannot bo regarded as excessive, and it may be ob.served 
that equivalent results in evaporation could not be, obtainisl with any other system 
of air supply for a lower steam consumption. 

For installations comprising three or more boilers in use at a time it would 
probably be more economical to use fan draught, either forced or induced, accord¬ 
ing to the conditions and requirements, P'ine slacks, colliery smalls, and a limited 
range of low grade fuels may be efficiently utilised either with fan forced draugbt, 
induced draught, or both. T.ic range of fuels which may thus be utilised is. as 
observed in Chapter II., to a large e.xtent determined by the t\q»o of boiler used, 
and accordingly the grate, area and? combustion conditions prov'ided. 

Fan forced draught is only used to a very limited e.xtent in connection* witli 
riancashire and other internally fired boilers. Induced draught is much more widely 
used, and has given very satisfactory results, not only in overcoming defective 
chimney draught, but also in considerably increasing the evaporative output of 
boilers, and in enabling certain low grade and small fuels to be utilised. 

Ilaiul Firiiuj. -'I’he methods usually enqiloyed for hand firing more or less 
completely and satisfactorily depending both upon the skill of the lircman cud 
the degree of efliciency or supervision may be briefly described as follows : - 

(1) Side or alternate firing. 

(2) S])reading. 

(3) Coking. 

Miithods 1 and 2 are, as a general nde, only satisfactorily used by conqieteiit 
and c.xperienced firemen, demanding, as they do, close attention, judgment and 
dexterity. Method 3 is unfortunately to a large extent used by the unskilled. 

Whichever system may be adopted, it is imperative, to cover the (jraie and keep 
it covered. In hand firing under any system or method tliis is essential, and cannot 
be disregarded, if there is to be any concern for efficiency in operation. 

Some firemen never cover the grate, others fail to the extent of not keeping 
the, grate ailequately covered, and it i.s an all too common experience to 
find the rear of the grate bare or thinly covered, as also the sides, with luiles 
in the lire. 

• Hand firing as practised by the untrained and luiskilled is notoriously in¬ 
efficient, and*is productive of a grievous fuel waste ; it must, however, be admitted 
that the fault does not lie entirely with the operator. In many boiler houses a 
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fireman haw to work in uieh a cramped poaition, with coal so cl\>se to the boiler 
front, that even' a skilled man caimot satisfactorily fire a boiler under such 
conditions. 

Generally .speaking a clear firing .space of at least 7 ft. is essential in front of 
a Lancashire boiler for efficient hand firing, and at least 10 ft. is recpiiied for smartly 
cleaning a fire. Failure to provide suitable working space involves constant loss. 

The lengtii of the giatc provided, and the importance of correct grate area— 
which will be .sid)se(piently discussed-have a marked effect upon the results obtained. 

fn connection with many steam boiler installations the grates provided are 
too long. By reducing the length of the grate the work of the fireman, skilled or 
unskilled, is not only reduced, but is at the same time automatically rendered more 
efficient. The loss due to faihire to keep the grate covered may in many cases 


I 
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be either considerably miniinisedj or even eliminated, by providing a grate area 
suitable for the evaporative duty demanded, having in mind the available draught 
and the fuel which it is desired to use. 

Apart from the comparative advantages of the recognised methods of firing, 
it will be evident that the conditions provided both in regard to firing space and 
grate areas are not unimportant factors. The fireman cannot be held responsibh; 
for the design of the boiler hortse, nor the determination of the correct grate area. 

(1) Side or Alternate Firing. -The filing of alternate charges on the right and 
left sides of the grate, sometimes known as wing firing, is a method commonly 
employed, demands skill in the “ placing ” of the fuel in order to keep the sides 
of the grate sealed, and also to keep the centre of the fire covered from front 
to back. 

The charges must be small and frequent in order to maintain a hot fire. The 
thiekness of the fuel bed should be from 7 in. to 9 in., according to the evaporative 
duty demanded and assuming the use of bituminous slack. 

This method of firing to some e.vtcnt combines the two systems which will' be 
subsequently discussed, i.e. spreading and coking. It is not the most suitable 
method in cases where heavy duty is demanded, although in cases where a boiler is 
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working rathe^elow its rated capacity it is probably tbe best and mpst cfficieift ’ 
system of hand firing. « 

The contour of the fuel bed under good side firing conditions is shown in 
Figs. 135 and 136. With the spreading system, the fire should be equally level, 
care being taken to rather increase the fire thickness at the sides and rear end. 

(2) Spreadiny. For heavier boiler duty, and for the most efficient firing of 
fine bituminous slack, the spreading of the fuel from front to back is the best system. 



In the United States a variation of the spreading system, known as “ ribbon firing,” 
has been introduced, light charges being fed in naiTOw rows from front to Ijaek. 



Fio. UM).—The tUiKiNu Systk.m, 


While it has been shown that this method is superior to spreading as ordinarily 
practised, it can only be employed with grates of suitable width, such as are 
provided with extemally fired boilers. 

The essentials of the spreading system are to uniformly spread or sprinkle 
the fuel, and to maintain a level fire of even thickness and free from holes. To 
do this while meeting a heavy and fluctuating demand for steam necessitates clo.se 
and intelligent observation of the condition of the fire, skill in the “ placing ” of 
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tSie fiu'l, h^d work, and constant attention. Tlic spreading systei^i is not suitable 
for light boiku' duty nor easy working conditions. 

VoTiiwj.-^ov a steady load and comparatively easy working conditions the 
coking system of firing, if satisfactorily done, will show a very good efficiency and 
a freedom from smoke, even if no special smoke-preventing device is employed. 
This system of firing, however, is impossible for meeting a fluctuating demand for 
steam, it is also unsuitable for a heavy evaporative duty, unless artificial draught 
is provided. With the high rate of combustion it then demands very close attention 
in order to keep the grate adetpiately covered. 

.\s a method of firing it is ancient, originally introduced as a means of pre¬ 
venting smoke, it is too often employed by unskilled firemen as an easy method 
of firing, involving but the minimum of effort, but, as frequently practised, 
disastrous from the point of view of efficiency. 

The object of the coking system of firing is to coke the fuel at the front of the 
grate, always maintaining a level incandescent fire at the rear, to ignite the gases 
fli.stilled at the fiont. The method, which is much too frequently adopted, is 
illustrated in Figs. 137, 138 and 139. A mass of fuel is dumped at the front of the 
grate, while the rear ])oition of the grate is either left bare or imperfectly covered. 

I'ldess it can be enstired that the whole of the grates at the rear is kept evenly 
covered to a depth of at least (1 in., by systematically and regtdarly levelling the 
coking mass, this method of firing should not be permitted. In effect this means 
that as a sy.stem its use should be r(’strict('d either to skilled firemen or those who 
are working under proper siqjci-visiou. 

To permit this method of firing to be practised without any regaid ’’or the 
adecpiate covering of the grate is to encourage and ensure inefficiency and waste, 
whereas if properly a})plied it is not only an easy method of firing, but under 
suitable conditions, and within its limitations, will ensure smokeless and efficient 
operation. 

Ihikimj and Slieini/. 8o long as a lire is kept sufficiently thick and level it 
is unnecessary to di.sturb it by raking, poking, or slicing. The, use of the .slice 
shordd at all times be lestricted to gently easing the underside, of the fire in 
order to free the air spaces and riddle through loose incombustible dust to the 
ashpit. 

This, unfortunately, is the method which is only employed by the skilled 
firemen. Untrained men seem to be obsessed with the idea that a fire requires 
constant manipulation and disturbance. 

It cannot be too strongly emphasised that the rake shoidd only be used to 
level the fire and remove clinker and ash. Instead of this it is an all too common 
practice to break up the fire indiscriminately, mixing ash and clinker with partially 
l)urned and unignited coal. In the same way the slice is thrust into the body 
of tlie fuel bed which is partially turned over, mixing clinker and ash with 
burning coal. " 

A\’hen artificial draught is used, or in cases where the chimney draught is sharp, 
one effect of thus unne:esaarily breaking up the fire is to liberate small particles of 
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partially carL^iltsed gritty fuel, which in large (juantities is carried forjvard to ti e 
flues and chimney. 

Cleaning^ Fire/i.- The carbon loss in cleaning fires due to lack of skill, care¬ 
lessness, indifference, and lack of supervision is serious, and represents a heavy 
waste, the extent of which in connection with hand fired furnaces has not yet been 
fully realised. 

Not only is the loss of carbon jn the residual clinker and ash frequently very 
heavy, but the loss in riddling with ordinary natural draught furnaces is by no 
means negligible. To these losses have to be added the rvaste due to excess of ;iir 
jiassing over and through the grate, and the distillation of the hydrocarbons under 
conditions which prevent ignition. These all contribute to a heavy fuel loss which 
is to a birge extent preventibh^ 

\ fire should always be cleaned before it has burned too low, anil for at least 
fifteen minutes before cleaning the firing should be strictly limited. 

I'nder average conditions the thickness of tlu; bed of fire on a grate at the 
time for cleaning should not exceed from 3 to 4 in. Tn order to quickly and 
thoiougblv clean a fire, and rapidly regain normal woiking conditions, activity is 
demanded, and preferably skill; leisurely methods are very wasteful. 

The fire should be smartly pushed over to one. side of the grate, leaving the 
opposite side bare. Directly this is done all unburned fuel shoxdd be ^luickly 
raked over on to the bare grate surface, leaving only the clinker and ash, which 
should be at once removed. Tmnu'diately the grate has been cleaned the live, fuel 
shmdd be spread, and small and fre(|ue.nt charges introduced, until a level fire of 
the re(juired thickness has been reached and (he normal working teniperatun- 
secured. 

Heavy charges should not be introduced, flic essential point after cleaning is 
to regain a high furnace temperature with the minimum loss of time. 

It is important when cleaning fires to lower the damjMirs in order to restrict 
so far as is possible the inrush of cold air. UnhiSs this is done the unchecked flow 
of air must inevitably cool the furnace and boiler and result in a definite loss. 

■Vlthough in most boiler installations the damper counterwaughts arc so jxlaced 
that the dampers may be readily manipndated, it is only the skilled and careful 
fiieman who realises the importance of regulation or adjustment. 

[n the utilisation of low grade fuels for steam generation under hand fired 
conditions, the cleaning of fires as ordinarily practised is both arduous and wastehd. 
Not only is it necessary to clear the fires much more, frequently, but the proportion 
of incondnistible which has to be removed is often considerable. 

In order to avoid the usual burning down process and facilitate cleaning, a 
sinqrle form of baflle bridge (Gallagher & Cronqrton’s patent) has been introduced. 
This device, which is in the form of an inclined extension of the grate in firebrick, 
is illustrated in Figs. 140 and 141, the former showing the normal condition of the 
fire and tl;e latter the condition of the fire when cleaning out. The live fuel is 
pmshed back on to the bridge instead of being burned down; not only does this 
pror'ide a larger body of fire for covering the grate immediately after clinkering. 
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but duringfthe removal of the incombustible from the grate the A^.ass of live fuel 
on the bridge restricts the area over the bridge and accordingly liniits the 
inflow of air. , 

Having in mind that the baffle bridge in effect increases the grate area, it 
would appear to be most useful when comparatively short grates are used. To 
add from 2 ft. 6 in. to 3 ft. to a standard 6 ft. grate, plus the usual dead-plate, 



must obviously increase the work involved in the manipulation of the lire, as the 
live fuel has to be handled with the rake twice at a distance of !• ft. to 10 ft. 
from the frorrt of the boiler. 

The hnporlavre of Correct Grate Area. Generally speaking the grate or grates 
installed in hand fired boilers are too long. As already observed, it would appear 
to be the common practice for makers of internally fired boilers, such as those of 



Kic. 141.--tjAi.i,\i;HBR & Chomitos's B.CSFI.E BlUIHiE, 
IN I'sE FOB ('1.E.\N1S(1 t’lRE. 


the Lancashire and Cornish types, to provide grates at least 0 ft. in length, without 
any regard for the evaporative duty actually reqitired from the boiler, the class or 
character of the fuel to be utilised, or the conditions under which the boiler 
has to work. 

Further, the question of suitable air spacing would seem to receive no con- ' 
sideration: a grate of standard length with standard air spacing is provided, no 
matter what kind of fuel it is intended to use, and without any regard for the 
existing chimney conditions. 

Having in mind that it is the usual practice to fix a 9-in. or 12-in. dead-plaie 
in front of the grate, the fireman, in order to keep the grate evenly covered, has 
to throw the fuel over 7 ft., and in this operation place it where it is wanted. 
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It is qmtj 'useless to ignore the fact that as a general rule this i| not done. 
The average fireman either will not, or docs not, cover a grate O’ft. long, and it is 
commonly foynd that the back of the grate, for from 12 in. to 18 in. at the bridge, 
is either bare, or thinly and unevenly covered with fuel. 

If under such conditions it is possible to maintain the retiuired steam pressure 
and boiler output, although inefficiently, then it is beyond (juestion that with a 
shorter grate evenly covered with .fuel the consumption would be reduced, in 
many cases substantially,--and the steam required would be obtained with much 
less effort. 

To a large extent steam users have rched upon boiler makers, and it is to be 
regretted that the latter do not appear to be seriously concerned with thermal 
efficiency in practice, nor do they show that to any serious extent they appreciate 
ordinary problems in combustion, and the fact that the performance and efficiency 
of the boiler is to a large extent dependent upon the furnace or firing equipment. 

The simplest and cheapest method of reducing the grate area is to cover the 
back end of the grate with firebricks or firctiles for one or two feet in length from 
the bridge, or even more, as may be easily determined by experiment. 

The effect is to intensify combustion, ensure a higher furnace temperature, 
and increase the absorption of radiant heat, due to the comparative ease, with which 
the grate can be kept evenly covered with fuel. Further, the fire can be more«easily, 
(piickly, and thoroughly cleaned. 

Cases have come under the observation of the author where with grates (i ft. 
in length, the average rate of combustion was only 7 lbs. per square foot of grate per 
hour. In two such cases the only complaint made was that the superheat or added 
steam temperature was much too low, being actually about 50° F. only. 

The obvious remedy was to shorten the grates and these were reduced by 
one-half, i.e. from 6 ft. to 3 ft. in length, when by reason of the intensified combustion, 
the increased furnace temperature, and accordingly the higher dovvntak(! tem¬ 
perature, the required increase in superheat was obtained, (‘fleeting a material 
reduction in the fuel consumption. 

When it is borne in mind that grates (i ft. long are almost invariably loiind to 
be imperfectly covered, even when fuel is being burned at the rate of from 15 lbs. to 
25 lbs. per square foot, of grate per hour, it is very difficult to understand how 
any one can reasonably expect to keep a grate of ecpial area covered when only 
Imrning at the rate of 7 lbs. per square foot of grate ^)er hour. 

While excessive grate area is an all too common fault with hand fired boilers, 
it must not be assumed that in this important respect mechanical stokers are perfect. 

In some cases mechanical stokers as applied to Lancashire boilers are provided 
with grates much too long with a view to ensuring the complete combustion of 
the fuel before it leaves the grate. . 

Even if this is accomplished, which is not always the case, because it depends 
uj)on the fjiel and various other factors, the grate at a point about 5 ft. from the 
front will very often be found to be very thinly covered with fuel, ash, or clinker. 

In some cases the grate at this point and beyond is bare. Almo.st invariably 
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with long prates the excess of air passing through at the back ei^, is very heavy 
and is directly Responsible for a very heavy loss in efficiency and a. serious waste 
of fuel. , 

The shortening of grates offers lo the steam user a simple and ready means of 
effecting a substantial reduction in fuel consumption in a very considerable number 
of cases, and this with the minitnum of trouble and expense. 

The Losn dm to Excess of Air. —The loss ^ue to e.xcess air is one of the most 
serious, if not the most serious of all lo.sses in steam boiler operation. Tt has already 
been referred to, but its importance is such that it is felt desirable to summarise 
t he contributory causes of excess air admission thus ; ■ 

Furnace losses due to : 

(а) Grates of excessi^ e length. 

(б) Grates not uniformly or evenly covered with f\iel. 

(c) Fires too thin. 

(d) Holes in the fires. 

(e) The use of coal too large in size to permit of properly covering the air 

interstices. Coal should be broken down to from 3 to 4 in. cube. 

(/) Slicing fires too fre(iuently. 

{if) Ihmecessary raking of fires. 

(/i) Carelessness in cleaning fires. 

(i) Failure to use dampers to regulate the draught. 

(/) Firing through two dooi-s in rapid succession instead of alternately at 
intervals. 

(k) Badly fitting or warped furnace fronts and fire doors, 

(f) Excessive draught. 

()») Failure to regidate the draught or air supply to the size of the fuel and 
the thickness of the fire. 

(w) Cracks in furnace brickwork. 

(o) Cracks or crevices at metal joints in brickwork. 

(p) Badly fitting cleaning out or access doors. 


Boiler losses due to : 

(a) Cracks in the brickwork setting due to expansion and contraction. 

(h) Crevices at metal joints in brickwork. 

(c) Oj)enings between boiler shell, or drums, and brickwork. 

(d) Badly fitting dampers. 

(e) Badly fitting cleaning out or access doors. 

Trivial or imirnportant as some of the individual causes may appear, they 
are nevertheless responsible in the aggregate for an enormous and unnecessarjr 
waste of fuel. 

In all eases where the thermal efliciency obtained is low, investigation will 
show that this is usually not due to any single cause, but to a combination of 
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causes, and in niany cases the most serious causes of waste and ineffjpiency cad 
be remedied with but a trifling expenditure and the minimum of trouble. 

('omhistion Space. -High volatile fuels are extensively used for the generation 
of steam under unsmtablc conditions. Fuels of this kind demand for their (dficient 
use considerably more combustion space than has yet been generally reaUsed. 

With water (ubc^ boilers it is possible to so set the boiler that any high 
volatile fuel can be efficiently utilised. The present tendency is to provide a far 
larger combustion space than hitherto, and in coimection with many modern 
installations it is evident that the imjiroved setting does substantially increas(' 
the efficiency obtained. 

With internally fired boilers, such as those of the Lancashire and Cornish types, 
the combustion space can only be increased within very small limits by lowering 
the grate level. 

If. as is shown with w'atcr tube boilers, the increasial combustion space is 
neccssarv in order to obtain the highest efficiency with high volatile fuels, then 
it must necessarily follow that an internally fired boiler with but a limited com¬ 
bustion sj)ace does not piesent the most suitable conditions for burning similar 
fuels. 

This suggests the desirability of using for internally fired boilers fuels with a 
lower volatile content, and it is for this reason that Lancashire boilers, fired with 
bituminous coal having from 10 to 20 per cent, of volatile content, Welsh steam 
coal, and coke, usually show a higher efficiency than when a high volatile fuel is used. 

Th(! conditions presented in the limited combustion space provided with 
Tsineashire and Coinish boilers cannot bo said to be suitable for the efficient 
combustion of the highest volatile fuels, and the moiv general recognition of 
this will be a deflniie stc]) towards the avoidance of waste, and the pivvention 
of smoke. 
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STEAM BOILER AND BOILER HOUSE EQUIPMENT 

In the two previous chapters steam boihus have been discussed, as also tlieir 
equipment for the efficient burning of low grade and waste fuels. In this chapter 
it is proposed to discuss boiler and boiler house ac^cessories, having for their object 
the promotion of efficiency and economy in the use of furnaces and fuel for steam 
generation, as also apparatus for determining the sources of waste and lo.ss and 
their extent. 

While much depends upon the provision of suitable acces.sories, it is scarcely 
necessary to observe that much more depends upon their intelligent operation. 
It is possible to spend a considerable amount of money upon .such o([uii)ment, 
without securing a return in increased efficiency in any way commensurate with 
the expenditure. 

Without suitable ap^raratus it is useless to look for anything but irregular 
and spasmodic efficiency at the best. With suitable apparatus it is ecpially useless 
to look for efficient results, unless the apparatus installed is understood and 
operated with care. 

Efficiency in operation does not entirely depend ujion the provision of .suitable 
accessories and their use, but rather upon the close study and application of 
the lessons taught, the deductions to be made, as also upon the keeping of 
constant records. 

In an excellent handbook, entitled “ Boiler Inspection and Maintenance," * by 
Mr II. Clayton, boiler house operation is thus referred to ■ 

“ Whilst careles.sness and incapacity amongst plant attendants is not uncommon, 
the boiler owner himself must be indicted of being largely re.sponsible for the 
neglect of boiler house plant -neglect which imfortunately is much in evidence. 
Boiler owners as manager's of their own power plants seem too prone to regard their 
boiler house as a ‘ non-productive department,’ which mu.st be tolerated as a 
necessary evil; whereas the more correct attitude is surely to consider it as a factory 
in itself, wherein the raw materials are air, coal, and water, and the finished product 
is steam of a given quahty. 

“ It is a singular fact that whilst he will often strive after the last quarter of 
a pound of steam per horse-power in his engine room, the boiler owner has but the 
haziest notion, say, of the calorific value of the fuel which he buys and burns in 
himdreds or thousands of tons per annum. 

“ In like manner, whilst he is able to appreciate the capitalised value of such 
' “ Boiler Inspection and Maintenance,” by K. (llayton, 1921. 
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renewals and repairs as are effected, he is not always able to appreciate that the lattqy, 
might very liVely be halved or even decimated, by (juite a moderate! amount of 
thorough and systematic attention to supervision.” 

Broadly «peaking, there are only two ways in which the avoidable waste of 
coal can be stopped. Consumers must either be compelled to burn coal efficiently, 
or be educated up to it. Compulsion or control in industrial operation is most 
undesirable. 

Tlie only logical alternative is»to so educate the steam user Jthat he is able 
to realise that as ordinarily ])raetised, the burning of coal is inefficient, wasteful, 
and \mnece.ssarily expensive, unless under expert guidance or control. 

The scientific control of boiler house operation, and the provision of suitable 
equipment, has been advocated for many years past by engineers who have realised 
th(! enormous scope, for economy, but as already observed in a previous chapter, 
we are still face to face with avoidable waste to an extent which is almo.st incredible. 

Sonu; boiler accessories, such as mechanical stokers, have already b(!((n discussed, 
it is therefore unnecessary to further discuiss the same at any length. This to a 
large extent applies to firing equipment generally. The main point to be emphasised 
here, is that the eflicient |ierformance of a steam boiler is to a large extent determined 
by the suitability and efficiency of the firing e(|uipment provided, and the degrt'c 
of efficiency in its ojieration. 

\i’ith skilled op ratioji it is possible to obtain a very fair ultimate efficiency 
with a comparatively poor furnace equipment and a low grade fuel. On the other 
hand it is <‘(|ually possible with unskilled or indifferent oj)e.ration and lack of control, 
to obtain a very low efficiency, even with the most suitable and eflicient apparatus 
and the best fuel. It is useless to ignore the fact that accessories and apparatus 
of the highest class are but the memia of obtaining and maintaining effici(uicy. 
Without intelligent operation, without continuous and systematic ap|ilicatioii, 
without close and skilled su()ervi.sion, control, and management, it is not possible 
to maintain high thermal efficiency. Therefore ultimate efficiency 

-..Kxll 

where hi -equipment, and 
H---human element. 

In the L’nited States it has been said that " it is one thing to stop waste, but it is 
another thing to kei'p waste stopped.” There is an obvious truth in this. S])asmodic 
effort nutans at the best spasmodic efficiency, and avoidable waste will not lie 
eliminated by this method. 

The limp Materink .—The raw materials to be dealt with are air, coal, and water. 
The whole of the equipment required is necessary to so handle and control these at 
all stages in their use and condition, that the finished product -.steam -is obtained 
continuously at the low'est jmssiblc coat. . 

, .1 i> Supply .—Among the most important of all accessories is means for obtaining 
the. necessary air supply. Whether chimney or nahiral draught is used or 
alternatively forced, induced, or suction draught, is mainly a matter of choice, 
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, (jircumstences, or conditions. The important points are that th<i draught or air 
supj)ly mu^t be adequate and efficient. ' 

The ideal draught is that which permits of the maintenance of a constant 
relation between tlie weight of fuel used, and that of the air supj)lied, under 
all combiistion conditions. Judged by this standard the ordinary chimney is a 
complete failure. 

There is no more wasteful and inclhcient .system of air supply than so-called 
natural or chimney draught, of which it may* be said, the greater tin; waste the, 
better the draught. In other words, the higher the temperature of the gases enterini; 
the chimn('y the sharper the draught. 

While it n>ust be admitt(!d that a well-built chimney has a long life and a low 
maintenance cost, while also possessing the merit of simplicity, yet chimney troubles 
are not infrcspient, although usually traceable to very sim})le causes, some of which 
it may be worth while to enumerate :— 

(1) A deficiency of draught is frequently caused by comiecting up an additional 
boiler, or boilers, to a chimney originally designed for the boihu's first installed, and 
having insufficiemt sectional area for additional boilers. 

(2) Baffling d\ie to the, connecting up of flues to a chimney in such a manner that 
tile gas(!s from two or more flues are not divided at the chimney base; bv means 
of a mid-f(!ath(^r wall. 

(:5) Flues of insufficient sectional area. 

(4) Water or dampness in the flues. 

(.a) Sharp bends or sudden (4iang<;s of .sectional area in the fines. 

(0) The installation of economisers. 

(7) Air infiltration, due to faulty brickworh, or badly fitting doors, with a 
eons<!(iuctit dilution and cooling of the gases. 

(8) The building of fire bridges too high. 

It is fnajuently found that the condition of l)riekwork settings is responsible 
for a serious reduction in the draught, as the result of air infiltration through cracks 
and openings dm' to ex|)ansion at points where frames and doors are l)uilt into the 
•setting, and also at the damfa'rs. 

Periodical e.xaniination of tin.' brietkwork e.xterjially is necc.ssary, and all cracks 
anil openings should be carefully anil thormighly closed. The effect upon the 
dra'iglit and the fall in efficiency due to air infiltration are out of all |)ro])ortion to 
the little trouble and expense involved in ensuring tight brickwork. 

It is desirable to examine the brickwork settnig internally, with a view to 
ascertaining if there is any short circuiting of the gases. Air leakage between the 
front cross wall and the boiler .shell is frequently found. Short circuiting of the 
gases at the downtake is also commonly found wdth Lancashire and Cornish boilers, 
where cracks develop in the back wall and also at the side walls of the setting. 

4i’ith water tube boilers the condition of the brickwork setting, as also the 
internal baffles, have a marked effect upon the working efficiency. External brickwork 
faults may be remedied in precisely the .same manner as already referred to.* Leakages 
through baffles, sometimes due to movement, breakage, or a baffle having fallen 
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out of position, c^n only be detected by complete examination. In connection with 
large water tube boilers there is now an increasing tendency to use ins\]lated steed 
plate casing, which renders unnecessary all brickwork with t lie "exception of the 
refractory Hnyig. This method of setting is very efficient, and to a large (>xtcnt 
prevents the losses already referred to in connection with brickwork setting. 

It will be obvious that in any serious attwnpt to secure the highest thermal 
efficiency it is important to discharge the products of combustion from the chimney 
at the lowest temperature practicable, i.e. to utilise the maximum percentage of the 
heat units in the gases. That this is not possible under chimney draught conditions 
is beyond question. It is clearly recognised that the term " chimney loss ” is only 
another way of indefinitely stating the price which has to be jiaid for providing 
the draught. 

Under ordinary or average, conditions the chimney loss may be from IG ])er cent, 
to 25 {ler (smt., or even more under bad conditions, and when other heat losses have 
been reduced to the lowest possible level, a constant loss at the chimney has still 
to be fad'd. 

The following Table, No. 39, will be of interest as showing the various heat lo.sses 
under good average operating conditions. It will be observed that in this case no 
less than 52 per cent, of the total loss is represented by the chinuu'y loss. 

T.VBLE Xo. 39 


(1) Lossex (jrmtln (iljecird hi/ O/icmtiim 




Pcrct'ntaj^t' of 
tot ill float of 
fuel. 

of 

total los^. 

{>') 

Loss <lue to heat carried away in tin' 




flue gases ..... 

10-37 per cent. 

52 per cent. 

{!>) 

Loss due to unburned CO 

1-78 

5-8 


Loss due to unconsunied carbon in ash . 

1-75 

15-1 



22-9t) 

72-9 


(2) Iaixxcs not /.ritiKirili/ dim In Opf.mhmi 


id) 

('') 

Lo.ss due to moisture in coal 

Loss due to moisture formed in burning 

0-35 per cent. 

1 • 1 per cent. 

(./) 

the coal ...... 

Lo.s.ses due to radiation and unaccount(!d 

3-2(i 

10-1 


for . 

4-91 

15-0 



3 M2 

lOO-OO „ 


While the foregoing table shows the losses umhsr good average operating conditions. 
Fijf. 142 shows the losses in the j)roportions which are more commonly found, and 
more |»articufarly the chimney lo.ss. 
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_ ^ In Table No. 40 is shown the boiler efficiency with exit gasej at temperatures 
from JIOO'’ Jjo 750" Fahr., anti COj percentages from 15 to 5 per cent. ^ 

hiduced or 'Suction Draught. —The most convincing evidence*in favour of 
mechanical draught as compared with chimney draught is found ii^^the fact that 
in generating stations, and also in other industries where the highest thermal 
efficiency is sought, the use of chimney draught has to a large extent been abandoned. 
In the installation of modern boiler units the almost invariable practice is to provide 
a complete m|;chanical draught plant, either, for each indivi(lual boiler, or alter¬ 
natively for each pair of boilers. 

The .saving effected is much in excess of the cost of operation of the draught 
])lant, in addition to which a range in flexibility and control is ()rovided which is 


Heat Utilised,56% 



im{)ossible with chimney draught. Thicker lires may be used, with the result that 
excess air is reduced, and as compared with chimney draught the operation of the 
plant is not adversely affected by external or atmospheric conditions. In Fig. 14.3 
is shown the chimney loss with exit temperatures varying from 200“ to 700° Fahr., 
and a COj content varying from 5 to 15 per cent. 

With induced draught the fan has not only to carry away to the chimney the 
whole of the products of combustion, but also to provide the whole of the air supply, 
maintaining a sufficient suction throughout the boiler and its connections to over¬ 
come the resistance of the grate and the fuel bed. 

^ One defect of induced draught is in the constant liability to loss through air 
infiltration at all cracks and openings. Wliile this is a defect with chimney draught, 
it is more serious with induced draught, and accordingly demands greater vigilanVe. 

Apart from entindy new and complete installations, usually comprisihg in 
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addition to the draught 2 )lant a comparativ'ely small steel chimney, induced draught* * 
has been exterrively adopted in coimection with existing chimney i for in'ercoming 

deficiency in draught, as also for 
the utilisation of low grade fuels. 

Forced Draught. — Forced 
draught apparatus may be 
divided into two distinct groups, 
the one comprisilig steam or 
motor driven fans, the othei' 
st(‘am jet blower furnaces. 

While with induced draught 
the a.shpits are open, with forced 
draught they are closed, the air 
sin)ply being deliverisl into the 
aslijiits and forced through the 
fires. 

In actual steam coiLsumption 
it is usually more e<;onomical to 
use a fan than steam jet blowers, 
j)articularly is this the ca.'je in 
all installations where more than 
one boiler is u.sed. In the low 
cost of the apparatus, in sim¬ 
plicity, reliability, and in fur¬ 
nace maintenance cost the 
forced draught furnace has the 
advantage. 

Jloth types of forced draught 
have been extensively adopted 
for the utilisation of low grade 
finds, and for overcoming didec- 
tive chimney draught, but neither 
can be cornjiared with induced 
or suction draught in efficiency 
COji ^ in Gases because they do not displace 

Kid. ua. l)iAOR,\.\t siiowisd riuMNEv Loss. wi 111 cliimney dcaught; ample draught 

V.4RYIS,. KxIT TeMI-ERATI RF. ANO PERCENlAdE (..jp.jcity ig still requircd tO takc 

^ away the products of combustion. 

Balanced Draught .—In connection with many of the larger installations balanced 
draught is now used, comprising both induced and fan forced draught, operating 
in combination and under careful regulation and control. 

Prat Induced Draught .—The important points of difference between Prat 
induced draught and other systems of direct suction draught (commonly termed 
induced draught) are as follows : ■ 
s 
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With the latter system the whole of the hot gases pass through the fan, and 
travel the/.ce to ,the chimney. This involves not only a larger fan than is required 
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form of the chimiicy used with the Prat system is freely divergejit, and as no diimpei* • 
is used the res'stance of the circuit of the gases is i)ractioally uncliangei : further, 
while the fan is in use the benefit of the natural draught is reteined. 

Only a siAall proportion of the total volume of hot gases j)ass through the fan, 
this small volume being used to accelerate the flow of the main volume of the gases. 
The Healing oj Air Jor Cimibustion.—The employment of heated air for com- 



Fui. It.'l. —(I'uoss .SECTIOS THROCliH A IfOlI.Ell HoCSE. SllOWlWl I’UAl' J)KAI (IH'I'. 


hustion has been advocated for many years |)ast, its advantages arc such as to he 
beyond question, but it has yet to come into extensive use. For the utilisation of low- 
grade and waste fuels the us(! of heated air for combustion is of much importance. 

Any consideration of means for increasing the thermal efficiency of steam 
boilers would be incomplete without some reference to the utilisation of waste heat 
fos pre-heating the air supply for combustion. 

In. 1881* and 1882 Mr J. C. Hoadley and Mr Fred. H. Prentiss carried out 
exhaustive tests in air heating at the Pacific Mills, Lawrence, Mass., U.S.A. Complete 
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'details of these tests will be found in Volume C (1884-85) of the"" Transactions of 
the Americhn Society of Mechanical Engineers.” 

For these comparative tests three horizontal return tube boilers of the same 
size were used, two of which were provided with air heaters. The'air heater for 
one boiler comprised 240 horizontal 2-in. tubes, each tube being placed inside a 
3-in. sheet-iron tube, the latter being embedded in mortar. 


' TABLE No.' 40 

Boih r Efflciency with Exit Gasen (it 'Temperatures of from 300° F. to 750° F. and 
COo pereentage from 15 to 5 per cent. 


Teni- 


poratiire 
of exit i', 

14 


gases. per 

eent. 

per 

(■('lit. 

]ivr 

eent. 

300° F 

'. 80-25 

70-0 

70-5 

350°,, 

70-0 

78-7 

78-25 

400°,, 78-0 

77-5 

i 70-75 

450°.', 

7(i-75 

70-0 

i 75-5 

|500°„ 75-5 

74-75 

74-0 

550°,, 

74-25 

73-5 

72-75 

(500° „ 

73-0 

72-25 

71-25 

O 

o 

71-0 

71-0 

70-0 

’ 700° „ 

70-7 

00-75 

08-75 

O 

o 

00-5 

08-75 

07-5 


Peiveiitage of CO^ bv vtilunu*. 


12 

11 

in 

n 

per 

eent. 

per 

eent. 

per 

eent. 

per 

eent. 

70-0 

78-5 

78-0 

77-0 

77-75 

77-0 

70-0 

75-0 

70-0 

75-25 

74-25. 

73-0 

74-75 

73-75 

72-5 

71-0 

73-25 

72-0 

70-75 

00-5 

71-75 

70-5 

(iO-O 

07-75 

70-25 

()0-0 

07-5 

()5-75 

00-0 

07-5 

05-75 

03-75 

07-5 

00-0 

03-75 

02-0 

0()-0 

()4-0 

02-0 

00-0 


8 

7 

<> 

5 

]ier 

])er 

per 

l>er 

(■(■lit. 

cent. 

cent. 

cent. 

70-0 

74-75 

73-0 

70-0 

74-0 

72-25 

70-0 

07-0 

71-75 

70-0 

()7-5 

03-5 

00-5 

07-5 

04-5 

00-25 

07-75 

05-0 

02-0 

.57-0 

05-5 

02-75 

.50-0 

53-75 

03-25 

00-0 

.50-0 

50-25 

Ol-O 

.58-0 

53-5 

47-0 

50-0 

.55-5 

50-75 

44-0 

57-0 

.53-0 

48-0 

41-0 


The flue *>jases were passed through the 2-in. lubes, while the air supply for 
combustion was drawn through the annular space between the 2-in. and 3-in. tubes. 

The second or alternative air heater was made up of 2-in. tubes for the passage of 
the gases, but outer tubes were not used. Instead sheet-iron baffles were so arranged 
as to guide the air supply across the external surfaces of the tubes several times. 

Home average results obtained during these te.sts. were as follows : - 


Temperature of external air, degrees F. . 
Temperature of air supplied to furnace, degrees F. 
Temperature of gases leaving boiler, degrees F. . 
Temperature of gases leaving heater, degrees F. 
Efficiency, corrected for differences in tempera¬ 
ture of external air, per cent. 

Percentage saved over oferation without heater 


Boiler 

No. 1, 
without 
air heater. 

Xioiler No. 2, 
air heater 
with outsidi? 
tubes. 

Boiler Nt). X 
air heater 
with Binglo 
tubes and 
baffles. 

78 

34 

41) 

78 

337 

334 

308 

307 

‘677 


189 

104 

08-0 

78-2 « 

81-4’ 


11-9 

15-4 
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Briefly suJTimariscd the advantages of using hot air for combustioji may lie*# 
stated as follows: - . ^ 

(1) The utilisation of a large proportion of the heat units contained in the 
gases which oflierwise would be discharged from the chimney. 

(2) In facilitating the combustion of cheap, low grade, and high moisture fuels, 
also in considerably reducing the proportion of unconsumed carbon in th<^ liddUngs 
and ash. 

(3) In increasing the combustion temperature, and accordingly the furnace and 
boiler efficiency. 

The sensible heat represented in the chimney loss is given in the formula :— 


in which 


P. 0-37 


T-< 


rt 


T temperature of the gases in degrees F. 

I - temperature of the surrounding utmosplune. 
a (JOj by volume in the flue gases. 


Fig. 143 shows graphically that the losses to the chimiUiy vary directly as the 
temperature of the gases, and invejsely as t,h(^ [jercentage of COj in the gases. 

Hence it will be evident that to reduce this loss to the minimum the cmitent 
of the gases must be liigb, and the temperature of the gases must bo reduced to 
the minimum practicjible. 

The heating of air by means of rvaste gases involves the use of mechanical 
draught, i.e. suction or uiduced dratight; this is necessary because of the reduction 
of the temperature of the gases passing through the air heater. 

The advantages of using heated air are, as already observed, not contine<l to 
the obvious gain derived from the addition to the furnace temperature of the heat 
abstracted from the. waste gases. 

The use of hot air in the furnace improves the combustion by promoting 
cheiTiical action, hot air giving a more rapid reaction and a higher furnace tempcra- 
tiue. The effect upon the hydrocarbon gases is very marked. Further, with the 
u.se of hot air it is found that the excess air can be reduced, with a corre.spondingly 
higher percentage of CO.^ in the gases. The increase of furnace temperature may 
be said to correspond to the increase of the COj content. 

In the combustion of high moisture fuels the use of hot air is very advantageous. 
•Many years .since it was demonstrated in connection with refuse destructors that 
the use of a regenerator or recuperator for heating the air supply for combustion 
greatly improved the results obtained. 

Towns’ refuse may be regarded as a low grade and high moisture fuel, having 
in tiiind that the average composition is about one-third each of moisture, incom¬ 
bustible and combustible. 

i Experience has shown that, as a general rule, the decrease in the final gas 
temj)erature*from a boiler is about 20 per cent, of the increase in the initial furnace 
temperature, due to the use of heated air, i.e. an increase of 100° F. in furnace 



278 UTILISATION OF LOW GRADE AND WASTE FUELS 

'•’'temperature produces a final fjas temperature wliieli is reduced by 20 per cent., 
assuminf; ^lat tli/i boiler load remains constant. 

Another important point is the increase in the radiant heat transmission due 
to increased furnace temperature. With certain types of boilers the transmission 
of radiant heat to the two bottom rows of tubes, representing from 5 to 10 per 
cent, of the total heating surface, is about 40 per cent, of the total heat in 
the fuel. 

The limibitions in furnace temperature are governed by the fusion point of 
the ash, e.xcessive wear and tear with the brickwork, as also the suitability of 
the mechanical stoker, but as a general ride the furnace temperature could be 
advantageously increased by the employment of heated air, to the extent of, say, 
200° F., without introducing any material difficulty in connection with ash, brick¬ 
work or the furnace. The heat transmitted by radiation for an absolute tem¬ 
perature of 2730“ F. is about 30 per cent, greater than that corresponding to 
an ab.solut(“ temperature of 2.730° F. 

The importance of securing and maintaining a high furnace temperature is 
thr.s relcrred to by Izart in his e.vcellent work, “ Methodes cconomiques de com¬ 
bustion dans les Chaudieres a vapeur.” ‘ 

‘‘ Tn a steam boiler it is important to maintain a high furnace temperature, 
as the rate of heat transmission through the plates is directly proportional to the 
difference in temperature between the two sides ; that is to say, between the 
temperature of the water on the inside and the furnace gases on the outside. It 
therefore follows that for a given gas velocity in the furnace, the more the tempera¬ 
ture is increased the more heat passes in the same time to the water in the boiler, 
and conse<juently less loss of heat to the cliimney. In shoit, the coal would be better 
utilised. Besides this important effect, a high temperature as.sures the combustion 
of the gases of distillation from the coal in the furnace. These combustible gases 
have in general a high ignition temperature, and if the furnace temperature is 
relatively low, or if they shordd come too rapidly in contact with the plates of the 
boilei', they will pass to the chimney unburned and cause additional loss. 

'I’lius the cooling of boiler furnace by excess air is not only bad because 
of the heat loss in this excess air, but also because the rate of utilisation of the fuel 
is diminished.” 

The juincipal reason why air heaters have not been more extensively adopted 
in connection with steam boiler installations are ; -■ 

(1) The advantages of using heated air for cond)ustion are not yet generally 
appreciated. 

(2) It has been felt that the highest economy would lx; secured by utilisii^ 
waste heat for heating feed water. 

(3) A disinclination to so reduce the temperature of the waste gases as to 
render the use of mechanical draught imperative. 

There are at present four systems of air heating on the market in this country. 
The Usco air heater, made by The f ’^nderfeed Stoker Co., Ltd. ; the Thernrix air 

* See “ Methodes econominues conihiistioii dans les C'haiidi6res h vapeur,” by Izart. 
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heatfir made by The Emile Prat Daniel Co., Ltd., Paris ; the Howden Ljungstronj^ 
system, and Cj'een’s air heater, made by Messrs E. Green & Sons, Ltd. 



I 


Fi(i. 140. —Hkatiss Ei.emk.m'. The I'sco Am Heateii. 

The L'seo Air Heater .—The l^^seo air heater consists of a series of plate elements 
each of wliich is a narrow semi-caronlar plate bo.x or chamber of sheet steel of rigid 
constrnetion. as shown in the illustrations. Figs. MO and M7. 



Kii!. 147.— The Tsco Am Heater. 

The air to be heated is arranged to be passed in a semi-circular path through 
the-elements while the hot gases sweep along its outer surfaces, the elements are 
placed parallel to the direction of the flow. 



280 UTILISATION OF LOW GRADF AND WASTE FUELS 

The air space through an element is about one inch in width, and midway in 
' this is plafed a so-called thermal diaphragm or radiation plate which it is claimed 
very considerably increases the heating effect. 

The complete air heater comprises an aggregation of the elements placed 
parallel and suitably spaced. The tops or open ends of the elements are so 
joined together that when connected to the air conduit there is no other possible 
escape for the air than through the elements. 

The battefy of elements constituting the air heater is so supported by a 
rectangular cast-iron frame at the top that the elements are free to expand in every 
direction. The heater is built into the rear wall of a water tube boiler or set 



Fig. 118. —The Theumix Aih Heatek. HBAiiNd Ki.kmknts. 


between the boiler and the chimney. The air to be heated is propelled by a fan 
through the elements of the heater, while the hot gases .stream in thin parallel sheets 
lietween them. 

The semi-circular path through Avhich the air travels through the heater offers 
but little resistance to its free flow, while the furnace gases pass between the elements 
in a straight line and without altering their direction of flow. For the removal 
of soot and ash from the, heating surfaces of the elements steam jets are used. 

The Thennix Air Hexder .—The Thermix air heater, which is illustrated in 
Figs. 148, 149, and 1.50, is also a plate or film heater, the heating surface consi.sting 
of flat rectangular steel plates about 3 mm. thick separated by distance pieces, 
which form alternate sections for the passage of the air and the gases. 

The distance between the heating surfaces is about one inch. Flexible con¬ 
nections in the form of spirals arc used to join the distance pieces together, an/J 
w'hile these afford a free passage for the gas and air, they exert a pressjure at right 
angles to the plates, and give a rigid connection between the gas and air elements. 
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! 

Tests of flue gases made in front and behind these heatei-s have shown ^that ther«, 
is no leakage.« , ^ 

The construction and general arrangement of the Theriui.'c air heater is clearly 
shown in Figs. 148 and 149. As to the efficiency of film heating lor air there 
can be no question. As will be generally known the co-efficient of transmission 
increases mth increased velocity. The suggested velocity with Thermix heaters 
is 30 ft. per second against a velocity through economisei-s which rarely exceeds 
5 ft. per second. * < 

Fig. 150 is a sectional view of a boiler installation in an important municipal 
electricity works, showing Thermix air heaters installed in combination with 



Fid. 14!), -Thk Thkumix Aik ITe.vtkr. 


Prat draiij>ht. Comparative evaporative tests made by the Paris Steam Usd's’ 
Association on a small Bellville boiler showe<l a saving in fuel of 13 per cent, and 
an increased boiler output of I fi per cent, when using the Thcnnix heater. 

At the new Gennevilliers Power Station, T'aris, six of these heaters are in use, 
two of 18,800 sq. ft. of heating surface each, and four of 12,3.50 sq. ft. each. 

There are distinct indications that within the next few years a very considerable 
advance will be made in the use of heated air for combustion. The insistent 
{Remand for higher thermal efficiency, the attainment of which depends upon im- 
proAjed conibustion conditions, increased heat transmission, the reduction of chimney 
loss, as also the reduction of the lo.ss due to unconsumed carbon in the riddlings 
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and asli, individually and collectively can only be adequately met by .the use <>[• 
heated air for*combustion. . % 

In the effective utilisation of waste heat, and in the reduction of the (emj)era- 
ture. of the 6xit gases to an extent which is not practicable with an economiser, 
owing to the space occupied, and the capital cost, the much more compact heating 
surface, of the air heater and its lower capital cost must ensure its extensive adoption. 

The 'Treatment oj Boiler Feed Water .—The character of the feed w'attcr sui)j)li(*(l 
to boilers directly affects the consimiption of coal, and thec use ofdiard untreated 
water is resjconsible for an excessive consumption. 

Water is but rarely found which is altogether suitable for boiler feed ]iur|)oses 
without some form of treatment. Even a naturally soft water is not ipso jaeto, 
a proper water for tluc purpose, it is almost certain to contain free carbonic acid 
gas, and occluded gasccs, sometimes organic acids, all of which producer corrosion 
and pitting. 

Tlu' chief impurities in water, harmful to boilers, may be .suminarised as 
follows : 

(1) tieuJe Formimj. -(a) Carbonates of lime and magnesiuni, called temporary 
hardness, preeijeitated upon boiling at atmospheric pressure', (h) Rulpliates of linn' 
and magnesia, called jeermanent, hardness. The former is prei'i(>itated at modern 
boiler pressures, the latter is liable to form double, salts, mucli less soluble than 
itself, which under the same conditions will be; |)recipitated and h'ad to scale 
formation and corrosion. 

(2) Corrosive. —(c) Oxygen in the presence of carbonic acid gas (tree and 
half bound in the carbonates, as referred to under (a) above), magnesium and 
calcium chloride, and more rarely magnesium nitrate, all and separately causing 
pitting and corrosion. Magnesium and calcium chloride are pi'rhaps the i.est 
known corrosive coastituents. 

Waters containing ferric stdphite or alumini'im sulphate', notably for ('xample 
as generally found in mine waters, are the most virulent corrosive' ceuistiteients 
femnel in natural waters. 

All the above are amenable to treatment in nmelern ” .seefte'iiing plant.’ The 
scale forming salts, the freee carbonic aciel gas, and the e'orreesive salts e'uumerated 
above being reeluceel by thee u.se of lime anel soela ash aelministereel in corre'e't 
])roportie)ns. 'I’he resielual salts left in solutieen in the treeateel wate'r are generally 
speaking chloriele anel sul|)hate of soela, which are inert and dee no harm, pree- 
videel the usual routine of blowing elowii the' boilers be carrieel eeut. Meerc rarely 
liie'arbonate of seeela is founel in natural wate^rs in great excess, w'hich ujjeui entering 
a boiler sjdits up inte) free carbe)nic aciel gas, whie'h is corrosive, anel e'arbonate^ ed 
soela which eau.ses priming, anel attacks boiler mountings. This Impurity litis to 
the autheir’s kimw'lcelge been successfully elealt. with by a firm specialising in purifying 
plant, by rcelucing the bicarbonate eif soda to insoluble sluelgc in the purifying 
pliant, imparting resielual sodium e'hle)r:de to the treatoel water. 

• It caifnot be too strongly emphasiseel that feeel water sheiuld be treated hejore 
being siqiplicel to the boiler. It is no part of the function of a steam boiler to treat 
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.feed water, and the use of boiler comiwunds for this purpose is most undesirable 
without copipetent advice. 

In any case .such procedure is only justifiable in connection with very small 
installations, and whenever used boiler compound should be introduced continuously, 
and not in bulk ])eriodically. 

Jloiler composition docs not remove impurities but merely changes the nature 
of the eventual deposit which is precipitated. Oenerally speaking, toiler insurance 



Fill. I.'ll.- Boiiv's “ ” TvI'E VEKTII AI. W.ATKR SimENEH. 


companies view with di.sfavour the use of compjunds because of possible chemical 
reaction with impurities present in the water, and consequent damage, to the boiler. 

A water softener should embody the following characteristics ;— 

(1) Certainty and accuracy of automatic action at all loads, from no load to 
full load; (2) adequate reaction and sedimentation .space; (3) a properly designed 
filterand (4) proper sludge ejecting arrangements. 

'The Bob// Water Softener .—In the Boby softener type, C, illustrated in Fig. l.'jl* 
the reagent is first prepared as a cream of lime and soda in a sepiarate* vessel 'and 
delivered to the automatic apjiaratus which administers a correct dose of the 
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reagent to the incoming water, the whole operation being (lontrolled by the incoming 
water. ^ ' * 

Unusual accuracy is ensured by this system, the water passes to ftie reaction 
chamber and thence through a well-designed filter of adequate proportions. The 
resulting water is correctly softened, treated, and clarified. Any accumulation of 
sludge is prevented by sludge expelling gear. 

In another type of lloby softener, illustrated in Fig. 1.12, cream of lime and 



Kiu. l.■|■2.--l!oliY■s Type " K ' Wayeu Sop-iener. 

.soda are replaced by reagents administered ilircct as dry povviler, presenting an 
automatic, very clean, and simple mechanism, very suitable for moderate capacities 
and great fluctuation in load. 

Oil EUmhicUmi .—The importance of eliminating oil from the return from 
surface condensers, which is to be used for feed water, cannot be too strongly 
emphasised. 

If theje is the slightest risk of such contamination, an oil eliminator.should 
be emjiloyed. The mechanical process is much the same as for water softening. 
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^he reagents used being generally alumina suljAate, soda ash, and hydrate of lime. 
The alum coagulates the oil, is neutralised by the soda ash, and the lime eliminates 
the free ca/l)onie acid gas formed in the reaction. The eflluent is^gelierally filtered 
through a mechanically oj)erated quartz filter. 

The Loss due to Scale Formation .—It is scarcely necessary to emphasise the 
insulating effect of scale in steam boilers, and the resistance olfered to the trans¬ 
mission of heat. Scale ^th of an inch in thickness increa.ses the fuel cou.sumj)tion 
to the extent of J6 per cent., while scale ^th <ff an inch thick necessitates burning 
.oO ])er cent, more fuel. The formation of scale effects a material retluction in the 
heating surface, as also in the volume of water contained in the boiler. For 
instance a 4-in. boiler tube has an internal area of 111 s(p in. jicr foot run. 
When coated with scale J in. thick the area per foot run is reduced to 1-22 sq. in. 

Assuming a water tube boiler having .4000 sq. ft. of heating surface, with an 
average deposit of ] in. of scale, the actual heating surface is reduced about 11 per 
cent., the water capacity is about 12 per cent, less, and the fuel consumption is 
incriaised to the extent of about 50 per cent. 

Overheating, due to scale, results in the stretching of tubes, due to the pre.ssure 
inside, and lo.ss of ductility of the steel, which eventually becomes crystalline. 

Automatic Feed Water ReijidatioH.- 'Y\w ])rovision of automatic feed water 
regulators in connection with water tube boilers 14 now becoming common practice, 
and comparatively few boihjrs of this type, excepting of small (ai|)acity, are now 
being installed without automatic feed water regulators. 

Under ordinary boiler feed conditions it is nece.ssary for the attendant to 
carefully watch the water gauges, when the w.ater level has droijped the check 
valve, is slightly opened and the rate of feed increased. Similarly, if the wat(!r 
level has risen the clnak valve is slightly closed and tin; ratt; of fi*ed reduced. 

When the rate of feed is iiu'reased through the water level falling, more water 
is fed into the boiler than is being evaporated, in other words the rate of evapora¬ 
tion does not synchronise with the rate of feed. This involves a dro)) in the steam 
pressure, which in turn must be imd by increasing the rate of firing. For the tinu! 
being the boiler is forced, with an inevitable .sacrifice in efficiency, becau.se a larger 
quantity of fu(d has to be burned for th(! same outi)nt than would be necessary 
if the rate of feed w(“r(! always in exact proportion to tlm rate of evaporation. 

It is true that the, extra weight of fuel burned may be small, but under 
normal working conditions this loss, due to irregular water level, is frequently 
happening. 

Without automatic feed water regulation it is not possible to closely follow 
the demands of a boiler under fluctuating load conditions, even if the attendant 
exercises ordinary care, because he usually has other duties. 

The purpose of the automatic feed water regulator is to ensure under all con¬ 
ditions that the rate of feed inlet shall always be in exact proportion to the steam 
output. It is now generally recogni.sed that these conditions are e.ssential in order 
to operate a boiler with high efficiency, and for this reason, automatiq, regulation 
is being extensively adopted. 
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Feed Water Heatimi .—Tlicro is no more certain and definite means of rediicinp; 
fuel consumption than by heating the boiler feed water, particularly'when the 
heat thus utilised would otherwise be lost. Feed water may be heated oy utilising 
exhaust steam, flue gases from boilers, or other sources, the hot well discharge 
from condensing engines, and the drainage from heating apparatus, steam mains, 
etc. The fuel saving which can thus be effected is clearly .shown in the accom¬ 
panying Table, No. 41. 

Green s Ecmwtniser. --(jiami'a W(,'!l-known fuel economiser, which has been very 
widely adopted and which is illustrated in Figs. 153, lot, and ir)5, is virtually an 
extension of the boiler heating surface. It has beam frequently observed that 



Fie. l.'iS.—liitEEs's Fi'f.i. Fciiniimi.'ikh. Secticin.ai. Fi.evation. 

had it not been for our wasteful methods in industrial fuel consumption, and 
accordingly the very serious loss shown in the discharge of high temperature 
gases from the boiler to the chimney, this well-known apparatus would not have 
been needed. 

The standard economi.ser consists of a series of cast-iron jiipes usually 9 or 10 ft. 
in length, the external diameter being 4 in. and the internal diameter 3 Jjf in. 
The pipes are arranged in rows, each row comprising four or more pipes, depemling 
u|)on the size and arrangement. The sections comprising each row of pipes are 
made up by forcing the pipes by hydraidic pressure into junction boxes or headers, 
the ends of the pipes being turned, and the sockets in the junction boxes accurately 
Txited to receive them, thus forming a tight metal to metal joint. 

*\Vhen erected in jmsition the sections are coiuiected by their top and bottom 
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Jieadcrs to multiple flanged branch pipes. The bottom headers project through 
"th(! front 'wall of the economiser chamber, and access for cleaning purposes is 
* ' provided by means of access lids on the 

branch pipe opftosite to each header. 

. ' j* The water is admitted to the economiser 

'' - through the bottom branch pipe to the 

sections and is collected in th(! top branch 
i . y- '.,1 pijie, pasc.ing thence to the boiler feed water 


-y -4) Thermometer pockets are provided at 

■ ; .• ® the. inlet ami outlet ends of the Imttom and 

■;:'l i vp; to]) branch pipes. The flow of water through 

•ff;J ; t the economiser and tin' gases over the 

l,illli'.ll,i|in * k heating .surface is in opposite directions, the 

' I I water being introduced at the end 

1 ^ f I lllll fc- nearest the chimney, and taken out at the 

■_ opposite end, ne.arest to the boiler. 

, K For the external cleaning of the pipes, 

■ It'. scrajK'rs are, used, these being carried on 

■ chains ami' actuated by means of a small 

' steam engine or electric motor. The power 

re(iuired is very small, and it is desirable 

Kin. lot. - (iKKKS S rCEl, I'.IOSIIMISKK. ‘ 1 

Kni) Ki.evatio.v. to use the .scrapers continuously. One or 

more safety valves are fitted according to 
the size of the economiser; similarly one or more hlow-olf valves are provided 
and so .arranged as to completely drain the economiser. 


KlO. ir)4.—(iKKRN S Fl'Eli KgONoMISKK. 

Fnd Klevation. 
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Fig. 155.—(Ireen's Ffei. Kgonomisbr, Plan. 


Water from these valves should be carried away and not allowed to drain 
into the soot pit; this discharge should also be visible so that'any valve leakage, 
may bg detected. ~ ^ ' 

The inlet temperature of the water supplied to the economiser is of much 
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importance; obviously the maximum advantage in heat exchange and recovery! 
would be obtained with a cold feed. In practice, however, it i.s |ound that 
unless thi! inlet water supply is hot, say from 100“ to 130° F., there is a serious risk 
of “ sweating(” or external corrosion, and wa.stage of the pipes, this being due to 
the sulphur eontent of the gases and condensation. 

It has been frequently observed that the iiLstellation of an economiser spoils 
the chimney draugnt. To some extent this is true, but obviously it depends upon 
three factors:— '' , 

(I) The average temperature of the gases before entering the economiser, 
(2) the heating surface provided in the economiser, or in other words its capacity, 
and (3) the average temperature beyond the economiser. CVi+ain it is that if the 



gases under natural draught conditions are discharged into the chimney at a 
tem])erature below 3.')0“ to 400° F. the natural draught will not be satisfactory. 

Some of the draught troubles which have been attributed to the econonii.scr 
in reducing the temperature of the gases to too low a point, are in fact due to 
e.xcessive air infiltration at boiler settings, in flues, and in the economiser setting. 
This air dilution and cooling is .so common ai\d widespread that it is probably the 
cause of far more natural draught troubles than can be directly traced to the 
economiser. 

It is important to take steps to reduce to tlur minimum the air leakage at 
economiser serapers. , 

The National Circulator. The importance of providing feed water to the 
economiser |t a temperature of not less than 100“ F. has already been referred 
to. The apparatus which is now being extensively adopted for regulating the feed 

T 
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, water inlet temperature is the National Circulator, which is made by the National 
Boiler Insurance Co., Ltd. 

This circulator is a special form of injector which is fixed in the feed pipe 
range between the pump and the economiser as illustrated in Fig. l-'id. The 
connection of the circulator to the top branch of the economiser is generally 
arranged, as .shown in the illustration by the pipe marked C, to the diaphragm 
pipe D. 

In some gases, such as small economisers; the connection of the circulator to 
the top branch pipe may be made through an expansion bend E, or to a specially 
made cap on one of the top branch pipe openings, or alternatively from the oppo.site 
or cold end of the top branch pipe G. 


TABLE No. 41 


Percentage Saving effected bg Heating Feed Water 


Few! 

Temi>era* Initial Temperature uf Feed AVater. 

turc. 



« 

40 

50 

60 

70 

80 


100 

120 

140 

100 

180 

200 

100° 

Fahr. 

51 

4-285 

3-4.56 

2-616 

1-758 

-887 

-(H) 






120° 

)« 

6-8 

5-999 

5-184 

4-.36 

3-516 

2-661 

1-79 

■ix) 





140° 

M 

8-5 

7-713 

6-912 

6-104 

5-274 

4-435 

3-58 

1-822 

•()0 




160° 


10-2 

9-427 

8-64 

7-848 

7-032 

6-209 

6-37 

3-644 

1-858 

-(H) 



180° 

»» 

11!) 

11-141 

10-368 

9-592 

8-79 

7-983 

7-16 

5-466 

3-716 

1-892 

-(H) 


200“ 

»» 

1.3-6 

12-855 

12-096 

11-3.36 

10.548 

9-7.57 

8-95 

7-288 

6-574 

3-784 

1-93 

-bb 

220° 

»* 

15-3 

14-569 

13-824 

13-08 

12-306 

11-.531 

10-74 

9-11 

7-432 

5-676 

3-86 

1-968 

240" 

»» 

170 

16-283 

15-562 

14-824 

14-064 

13-305 

12-53 

10-932 

9-29 

7-568 

5-79 

3-936 : 

260° 


18-7 

17-997 

17-28 

16-568 

15-822 

15-079 

14-32 

12-754 

11-148 

9-46 

7-72 

5-904 ! 

280" 

»• 

20-4 

19-711 

19-008 

18-312 

17-.58 

16-853 

16-11 

14-576 

1.3-006 

11-.35 

9-65 

7-872 ! 

300° 

>> 

221 

21-425 

20-736 

20-056 

19-3.38 

18-627 

17-9 

16-398 

14 864 

13-24 

11-.58 

9-84 1 


The circulator works better without a valve in pipe F, between the circulator 
outlet and the inlet to the bottom branch of the economiser, but if it should be 
necessary at times to cut out the economiser, a valve of the through-way type 
should be fitted in the hot water return pipe G, and also between the pipe F and 
the bottom branch pipe of the economiser. Fig. 157 illustrates the National 
Circulator, which is made in four sizes. 

Exhaust Steam Feed Water Heating- The utilisation of exhaust steam for feed 
water heating has already been referred to. Figs. 158, 159, and 160 illustrate the 
well-known high velocity exhaust steam feed water heater made by Messrs Holden 
& litrooke, Ltd. 

Two features of importance in connection with this heater are ;—(1) The long 
water travel, and (2) the high velocity at which the water travels through tAe 
heater. 
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The heater illustrated in Figs. 168 and 159 has twelve groups of four tubes each; 
the dotted lines^shown in the plan indicate the compartments in ;.he lowej chamber 


Hot Water 
Inlet from 
Top Branch 
Pipe 



O 


Flo. 157 .—Tub Natiosai. Cikcui-atob. 



Fio. 1.59. - Hoi.dbn & Brooke’s 
H iou Velocity PIxhai'st' Steam 
Feeo-water Heater, Play. 



Flo. 1.58.— Holden & Brooke's Hioh 
Vei.ocitv Kx iacst Steam Feed-water 
Heater. 


to which the tubes have access. The tubes through which the water flows upwards 
are indicatcd> by the thin double lines, and the tubes in which the water flows 
downwards by the heavy single line. 
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Thc_water enters the right-hand branch, passes np the set of tubes marked 1, 
and dowi^ the set marked 2, up those marked 3, and so continues fhe double flow, 
until finally passing down the set of tubes marked 12, and out ah the water outlet 
branch on the left-hand side. The floating head is suitably chambered, to permit 
of the alternate upward and downward flow. These heaters, which are also made 
of the horizontal type, are, when fitted with strengthened bodies and covers, suitable 
for use with live steam. 

Apart frnm the actual reduction in fuerconsumption, heating the feed water 
increases the capacity of the boiler. For instance, increasing the feed temperature 



F[C. ItiO.—HOI.DEN A HkoIIKE's HKIU \'EI,(M1TY Kxmai ST 
.Ste.am Feed-water Heater. 

from 50° to 210° F. not only reduces the fuel consumption to the, extent of about 
14 per cent., but also inireases the steaming capacity of the boiler by approximately 
IG per cent. 

Feed Water Measurement. -The measurenunt or weighing of feed water used 
is essential in connection with every steam boiler plant. For the small plant this 
may be periodical, for all other steam boiler plants means should be provided for 
continuous measurement, and it is preferable that the apparatus employed shojdd 
be of the recording type. • 

The simplest methods of measuring feed water for periodical evaporative tests 
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will be discussed later in this chapter under the headins; of “ Instruniente and •. 
Testing.” , „ 

Boiler feed water jnea.suring and weighing apparatus may be said to comprise 
three distinct •tj'pes ; (1) Closed meters, which are volumetric, (2) tank meters 
or flow recorders, and (3) tanks containing a given and invariable weight of water, 
which is automatically recorded when discharged into the feed tank. 

Kent's Uniform PosUive Wnler Mder. -This typ(! of water meter, which is 
of the rotary balanced piston type, is made for cold and hot water, ajid has been 
very extensively adopted for the measurement of boiler feed water; it is, in fact, 
so well known that it is uimecessary to describe same. 



l''ic. liil. Kknt's I’nikohm PosiTtvK Wa’ier Meter. Cui.n Water Tvre. 

In h'ig. 101 is shown a meter of the cold water type, the arrows indicating the 
direction of the flow. 

The hot water meter is of the same design, but the outer cast-iron casing is 
made specially strong. 

Kent’s Venturi Water Meter.- This well-known type of meter consists of two 
parts only, the Venturi tube, which is fixed in, and becomes jiaii of the feed pipe 
line, and the recording apparatus, which is illustrated in Fig. 1G2, 

The Venturi meter is based upon the hydraulic law, that rvith water jinssing 
through a pipe of gradually diminishing area, the velocity is increased, with a 
cOT3ieaponding reduction in the lateral pressure. 

The exterior of the tube is provided at the throat and at the inlet or up stheam 
end, rvith annular pressure chambers. These communicate with the intiuhn' tube 
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/ by small holes, which are bushed with %'ulcanite to prevent incrustation. The 
interior cvd of these bushes are made 2 icifectly flush with the inside of the tube. 

The juessure in these respective chambers is therefore the same as that in the 



Fio. 11)2 .—Kent's Ventcki Water Metes. Kecordino .Aitahatus. 

throat and at the inlet end of the Venturi tube. Small japes, jueferably of copper, , 
convey these pressures to the recording ajijiaratus. 

The recording instrument may be fixed anywhere within 1000 feet of the tube, 
or, .if desired, the registration can be conveyed electrically for any distance. 

The Lea F Notch Recorder- The Lea recorder has been very widely adopted 
during the jjast few years for the continuous measurement and recortling of. boiler 
feed water. 
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This well-known apparatus, which is illustrated in Figs. 163 and Idi, gives a 
permanent record of the rate of flow of water in pounds per hour, tlif-depth of 
water in inches, flowing in a V notch, being accurately and continuously measured 
and recorded? The rate of flow through V notches is dciduced from Thomson’s 
formula, 

Cubic feet per minute—0-30!5 H 2 V H where II - depth in inches. 

The recording instrument is a',ituated solely by the rise and fall of a float 
connected with a tank containing a V notch, tin; float being attache*! to a spindle 



FEED PUMP. 


Kiu. )(i3.-— The I.ea V Noti h Recohdeh. 

which passes through the bottom of the instrument case. The float spindle is 
provided with a rack which gears into a small pinion upon the axis of a dnim, 
which dmm has a screwed thread upon its periphery. 

The contour of the thread is the curve of flow for the notch, and just as the 
flow through a notch increases rapidly with its depth, so the pitch of the ^crew 
increa.ses pro ntta. Above the spiral dnim is a horizontal slider bar supported upon 
pivoted rollers, and carrying an arm which is provided with a pen point, in contact 
with a chart upQii a clock driven recording drum. 
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, As the float rises the movement of the spiral drum is impaiied to the pen arm 
by the saddle arm, which engages at its lower end with a screwed thread. 

The recoi'ding j)en moves in diris t pro])oition to the flow, pi’odHcing a diagram 



Fk;. Mi4. —I'me I.e.a V Xotcm KKtoKnEK, 



Kii:. 1(15. The Yohke Weir Water 
V .Meter. 


whose area is a measure of the total flow, 
each sejuare inch on the chart representing 
a giifeii weight of water in pounds. 

With the Lea recorder the water is 
always measured on the suction .side of 
the f<‘ed pipe, ix. where it is not under 
pressure. 

The YorJee Weir Water Meier .—The 
york(! weir water meter, illustrated in 
h’ig. Hi5, is, as its name implies, of the 
weir type, the notch, however, instead of 
being cut V shape is of the shape shown 
ill the illustration. 

AVith this type of water meter the 
weir has a breadth inversely proportional 
to the sipiare root of the corresponding 
head, with the result that the head is 
dinaitly jiropoitional to the flow. The rate 
of flow is recorded by moans of a float 
which is arranged to directly move a pen 
up and down a drum, which is rotated Ijy 
an eight-day clock mechanism. ^ , 

No correcting mechanism is required 
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between the float and the reeording ])eii. Tlie nie.ter is exceedingly simyle and iti^ 
is claimed that it is very accurate. National Physical Laboratory toasts showed 
that the inaccuracy does not exceed I per cent. Jloters of this type are jiracticallv 


H 


O 


L.i 

nil). —The I.einekt Watek Meteh. 

self-(a)mpensatitig in so far as temperature vaiiations are comaniied, owing to 
the fact that when the temperature of the water increases, its density is redheed ; 
on th(! contrary, when the temperature falls 
the density increases, aftecting the buoyancy 
of the float. 

The Leinert Meier. -The Leinert meter is 
a good example of type No. .3 referred to 
above, in which all water is weighed and the 
quantity of waiter discharged is automatically 
recorded on a counter. The operation of this 
miiter is not appreciably affected by slight 
changes in .specific, gravity, or variations in s.j 
the temperature of the w'ater. 

The apparatus is actuated by the dead 
weight of the liquid measured, and this being 
an invariable figure, the meter is not subject 
to inaccuracies. It is claimed that its accuracy 
is jiermanent, inasmuch as it docs not depend 
upon adjustment or the wear of its parts. Kic. ist. -The kEiNEiir WaieiOIei ek. 
It is not affeiitcd by grit and inqmritics, and 

can be readily cleansed. The Leinert meter, illustrated in Figs. Kid and KiT, com¬ 
prises two tanks of equal size (A^ and A^), !>ee Fig. IGd, each swinging independently 
\jpoii a ])air of knih; edges B, which form an axis dirnding the tank into two 
uneipial an/d unbalanced parts. Each tank is fitted iit the front end with One or 
more syphon pipes (1, and at the back with an adjustable weight D. 
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The lujuid to he measured entars at the inlet E, and passes along the chute E, 
into one o; other of tin; tanks, for instance as shown in Fig. 1(30, ^into the right- 
hand tank A^, The weights D are so adjusted that when a tank is’being filled with 
water up to about the height marked (} in Fig. 1(56, it remains in' a horizontal 
position, hut as the weight of li(]uid increases by the continued flow, the tank tilts 
forward into the positioii shown by the dotted lines in F, when the water is discharged 
through the syj)hon pipe. 

After the syphon has been started and the level of the water has fallen sufficiently, 
the tank lesumes its original horizontal position by the influence of the balance 
weight 1), the syphon continuing in action until the tank is emptied. 

As each tank tilts forw'ard it throws the chute F over, so that the new water 
to be measured must fall into the other tank, when the sanu! cycle of operations is 
repeated. It will thus be seen that both tanks iire filled automatically and alterna¬ 
tively with fresh water, while the measured water flows away into a storage or feed 
tank as Vei|uired. 

The munber of times each tank is filled and emptied is registered by a counter 
IT, which is actuated by th<^ alternate movement of the chute. 

The chute rests clear of the tank, into which the water is running, so that at 
the moment the tank commences to tilt no influence can be exercised by the weight 
of the chute, or by the pressure of the running water in the chute, or by the resistance 
of the mechanism of the counter. The tilting of the tanks, and consecpiently the 
recorded measurement, is entirely dependent upon the introduction into them of a 
definite weight of water. 

The Sicperheativij of Hteam. It is now generally conceded that Jio steam 
boiler installation can be regarded as complete and efficient without the. provision 
of a superheater. 

The superheating of steam may be briefly described as imparting heat to the 
steam after it has left the boiler, and when it is no longer in contact with the water. 
The heat units thus imparted to the steam must of necessity be lost before any 
condensation can take place. 

When steam at the boiler pressure passes through the suj)erheater the rise in 
the steam temperature is determined by three factors: (I) The heating surfaw 
of the superheater, {‘2) the temperature of the gases of combustion swee{)ing the 
superheater, and (3) the pressure and volume of the satuiated .steam delivered to 
the superheater, as also the percentage of entrained moisture present in the steam. 

In connection with the boilers of tlu! Lancashire or internally fired type, the 
superheater is placed in the downtakc, where the temperature of the gases usually 
range from 9(X)° to 1200° F. depending upon the kind of fuel used, the firing equip¬ 
ment, the length of the boiler, the length of the grates, and the rate of combustion. 

With water tube boilers the superheater may be placed in any one of various 
posilrions, depending upon the type of boiler, the space available, the path and 
temperature of the gases, and the final steam temperature required. Under average 
conditions with both Lancashire and water tube; boilers, the added superheat 
recpiired by steam users usually varies from 100° to 150° F., but for the steam 
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supply to turbines a final steam temperature of from 050" to 7i)0° F. is no^« 
frequently demanded. ^ • 

The most efficient stearn temperatures for engines of types commonly used are 
generally agteed to be as follows :— 

For slide valve engines J()()° to 450" for Corli.ss valve engines 5(X)° F., and 
for drop valve engines 6tW)° to 650" F. 

The tlu'rmal conductivity of superheated steam is lower than that of saturated 
steam, hence the heat is not so readily transmitted from the. body qf the steam to 
the radiating surfaces. 

The advantages of using superheated steam may be briefly summarised thus 

(I) For a given duty less imter is re(juired, less steam has to be generated, and 
accordingly less coal is consumed. 

('2) The output requinsl from the boiler is reduced. 

(3) Condensation is prevented in engitu! cylinders and steam pij)es. 

( I) Steam may be conveyed long distances without condensation. • 

(5) During short sto])pages condensation is prevented. 

(6) Leaky joints are prevented. 

(7) The efficiency of engines and pumps is increased. 

(8) Jn jtrocesses using steam for drying, heating or boiling u'hen the time element 
Is not an essential jeature, of the pfoeess, th(! work is much accelerated and the cost 
is considerably reduced. 

In a very large number of works the possible saving as the result of eliminating 
conden.sation losses alone is very considerable. It is a common experience to find 
steam being carried long distances to isolated plant, detached units, and punqjs, 
wliere tlu! steam consumption could be reduced to the extent of 20 per cent, or 
even more, if dry steam were supplied. 

The economy due to superheating with modern plant usually varies from 
10 to 15 |)er c(mt., whihi with old and inefficient plant it may be as high as from 
20 to 25 |)er cent. By using steam superh(!ated to the; extent of from 50° to 60° F. 
only, cases have; conn? under the observation of the author where the saving has 
exceeded 13 per cent. 

The importance of a low superheat in the avoidance of condensation loss would 
not a])pear to be generally appreciated. With old and low pressure plant and 
cast-iron .steam mains, there is a disposition to avoid the use of superheated steam 
as unsuitable. If it were propo.sed to use steam superheated to the extent of 150° F. 
this attitude would be justified, but there can be no practical objection to the usti 
of dry steam, w'hile the gain in reduced fuel consumj)tion is considerable. 

Superheaters vary considerably in design and structure, but generally they 
may be separated into two distinct groups; {a) siictional superheaters, and (6) super¬ 
heaters of the direct ex[)anded in tube tyjie. 

For internally fired boilers, while both ty|)es are extensively used, the fprmer 
l;ype offers outstanding advantages, inasmuch as all joints are external, under 
obsftrvation, and readily accessible, while the removal and replacement of Sections 
or elements is, greatly facilitated. Further, superheaters of this type* provide. 
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flexibility in lieatiiig surface, as sections or elements may l)e quickly removed 
and plu{<g«(] or blanked off. 

A further fea'ture of importiince is the draining of the headers ; *Aot only i.s this 
of great advantage in preventing the aceumidation of water of condensation in the 
headers, but with clirty or hard Imiler feed water deposit and incrustation in the 
tubes is ])revented. 

Su])erheaters of the direct expanded in tube tyjte, while bcang less expeasive 
to manufacture., offer none of the advantages referred to. If a tube or element fails 
it cannot be replaced without a stoppage and considerable loss of time. 

For water tube boilers, superheaters of the integral tyj)e have heen widely 
adopted. Such su[)crh('aters, bcmig of the direct e.x])anded in tube type, embody 
the .same limitations and obj(!clions as already discussed. 

Usually for all final steam temperatures involving an addition of up to l.jO° F. 
of superheat, there is no reason why superheaters of the .sectional type should not 
be used.’ For very high final steam tempcTatiires, considerations of position, 
space ro<piircd, and the temperature of the gases frequently preclude the use of 
this type, which by reason of the joints Ix'iug arranged externally is not so compact 
as the integral type. 

There can be no doubt that the more general use of superheaters would effect 
a very considerable reduction in tin; coirsumption' of fuel, and reg.-irded solely from 
this point of view a superheater is a very remunerative investment. 

Coal llandlmj- -It is of doubtful advantage to apply mechanical stokers of 
any type to either one or more boilers unle.ss mechanical means are also provided 
for handling the fuel from the point where it is tipped or stored, and its delivery 
into the stoker hoppens. 

If economy in the boiler house is desired, the full advantage of machim; firing 
in this direction cannot be realised unless coal and ash handling jdant, carefully 
de.signed to meet the e.xisting conditions, is ])rovidcd. 

The nature of the equipment will dejxmd u|)on tin; size of the boiler plant, 
and the conditions which have to be met. For single boilers, while it is doubtful 
if the provision of ash handling plant of any kind is warranted, an independent and 
automatic type of bucket coal elevator is oft(m of considerable advantage. 

For larger installations, whether th(! coal handling ])lant shall be of the band, 
chain, or bucket type, or of a combined type, will necessarily be determined by the 
individual conditions aiul re(purements, as also the cllicient adaptability of a 
particular ty])e or cond)ination of ty])es. 

The Steel Link Conveyor .—The llennis steel link conveyor, illustrated in Fig. K18, 
consists of a chain built up of mild steel links, each l)ent in the form of a " U,” 
which work in a cast-iron trough. Th(! lower part of the chain moves inside a 
rectangular trough and carries the coal with it. 0[)enings are provided in the 
bottom of the trough at desired intervals, through which the coal drops into the 
bunkers, or direct to the mechanical stoker hoppers. 

Tlfe conveyor trough may be inclined to an extent not excce(iing .‘3t) per cent, 
from tho horizontal, and coal may be thus raised from the boiler Ijouse floor level 
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to a suitable height for dropping into the hoppers, without the provision of a special 
elevator for the purpose. The U link conveyor is very flexible and may be eon-' 
veniently arrahgcd to meet various requirements. 

Bucket. Elemtms .—Bucket elevators, as illustrated in Fig. 1G9, are very largely 



Kk!. UiS. —The Uesms Steei. ],i.sk (.'onveyok. 


used ; thetc may be arranged to deliver coal to the hoppers of each boiler separately 
or to every two boilers. 

^ Kh^vators of this type may be set at any convenient angle or curved to suit 
the pngle yf delivery required. The Bennis bucket elevator is of the automatic 
self-starting and stopping type, which is so arranged that over feeding of coal into 
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^he hoppers is prevented. When the stoker hop{)ers are full the elevator is 
automatieilly stopped. 

The Gravity'Buchet System .—The principal advantage of the.^ravity bucket 



- 


Kiu. lU!).—T he Bennis Bccket Klevatoh. 

systepi over other forms of elevators and conveyors is that the same means of con¬ 
veyance may be u,sed for conveying the coal either horizontally, vertically, or aj 
any desired inclination, the buckets being so arranged that they rempin upfight 
and preserve their equilibrium in whatever direction the chain may be travelling. 
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This type of conveyor is practically automatic 
in its cycle of action, no handling being necessary 
from the point .at which the material is delivered 
into the receiving hopper feeding the conveyor, 
until the fuel is discharged t(;''t;he bunkers, othw 
than the moving of the dumping fevers. By the 
provision of balance-tipping levers, which engage 
with movable intermediate pins, the buckets can 
be automatically tipped at any desired point of 
travel. Further, the conveyor may be arranged 
to feed the bunkers with coal on the inward 
journey, and remove the a.shes on the return 
journey. 

A gravity bucket conveyor of tlie Bennis type 
is illustrated in Fig. 170. 

Portable Elevators .—A portable elevator of 
the Bennis bucket type is illustrated in Fig. 171. 
This elevator has a length of 10 ft. between the 
centres of the drums, and is provided with 
buckets 8 in. wide. The framework of the 
elevator consists of rolled steel channels and 
angles braced together. The top and bottom 
of the elevator is formed of cast-iron plates, on 
which th(! bearings for the shafts are cast. The 
elevator is mounted upon a portabh; truck in 
such a manner that the angle of the elevator 
may be altered if desired. The truck is built of 
mild steel sections, and is carried on four rollers, 
which are attached to pivoted axles. Provision 
is made for locking the wheels in four positions; 
the axles work independently of each other. 

The elevator is driven by two chain drives. 
Two sprocket wheels are placed on the pivot 
shaft. One of the sprockets is driven direct from 
the motor, the other sprocket drives the elevator 
shaft, so that the relative centres of the .shaft 
are maintained, irrespective of the angle of the 



elevator. 

When in operation the elevator is pushed up 
to the coal heap, and the coal trimmed forward 
to the buckets. 

Band Conveyors. —The three most important 



Fio. 170 .—^The Bkn.sis (Jravity 
Bucket Conveyor. 


considerations in the design and construction of a band conveyor are (1) the 
quality of the band, (2) the means by which it is carried, and (3) the feed to th,e band. 
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Viij. ni.—T he Hbnnih Portarle Hitket Elevator. 



-•■■■ "Ji'i 


Flu. I72. -T11B; I5ENN18 lUmi (lo.NVKYon. 
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Special attention must be given to the provision for the delivery of fuel to, 
and from the conveyor. Faulty loading and distribution will both^ materially 
re{lucc the wor'.' ing efficiency, and also the life of the band. 

The band conveyor illustrated in Fig. 172 is of the Bennis type, for which it 
is claimed that there is no erdss breaking in the fibre, as the band runs flat on both 
the top and bottom lengths, instead of being turned up at the sides to form a 
trough. The securing supports are so arranged that coal is not thrown off on eitlujr 
side of the band between the terminals. , 

The idlers are of special construction and are lighter than those usually em¬ 
ployed, ensuring that there is no slip between the idler and the band. They 
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are made of large diameter, flat on the face, balanced, and fitted with well- 
hibricjited bearings, the friction between the idlers anil the band being reduced 
to the minimum. 

The band may be arranged to deliver at any fixed point of travel by means 
of throw-off carriages, or adjustable cut-offs. 

Ptmiinnlic Coal HaruMimj .—The pneumatic handling of coal is likely to be 
considerably developed within the next few years. It is a .system which possesses 
many advantages and may be employed in cases where the provision of mechanical 
e'i'evators is very ilifficult, if not impossible. The most important plants of this type 
installed uj)*to the ]iresent arc at the Bankside Generating Station of the .City of 
u 
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London Elootric Lightiii" Co., Ltd., and at the Brimsdown Power Station of the 
North Matppolitan p]lectrio Power Sn|)j)ly Com))any. 

Both of tlfes(! installations wen* designed by Messrs Henr* Simon, Ltd., 
Manchester, tlie former having a eapacity of (10 tons per hour ami- the latt(ir a 
capacity of 50 tons jier hour. 

The Ram ^\'a<|(M Tipper. —Tl>e Bennis ram wagon tii)|iiu’, illustrated in Fig. 173, 
is de.signed to empty standard end discharging coal wagon.s. The tipper consists 
of a massiv('. pm, on one eml of which a crufch is fi.ved, which luigages the rear 
axle of the wagon. 

The ram is raisetl and lowered bv a screw thread. A similar thread is cut in 



Fid. 174 .--The JIf.nxis Waoon Tott.ei!. 


the hole of a phosphor bronze worm wheel, which is turned by a. mild steid worm 
opiTated through spur reduction gear from an electric motor. 

The worm wheel and worm are contained in an oil bath which oscillates on 
tnmnion bearings. The purpose of this oscillation is to allow the top of the ram 
to move sideways and follow the path of the wagon axle as it rises. The front 
wheels of the wagon, which do not leave the track, can be chocked in |)osition. The 
ranUs berthed in a vertical position in a jiit beneath the ground. 

About 5 B.H.P. is required to raise, a full 10-ton wagon ; the tipper may, if 
desired, be arranged for a belt driv<“ from adjacent shafting, if electric ])ower is not 
availabh'. 
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The Bennis BoUiry Ww/m Tippler .—Tills rotary tippler is specially designed 
for emptying coal wagoas at the rate of from 60 to 100 tons per hour. The'loaded 
wagon is turned over bodily, the contents being deposited into an nnd’ergronnd 
bunker, passinfithence to a conveyor. 

The centre of gravity of flie loaded wagon is approximately at the centre 
of the tippler rings. Ralance weights are fixed at the top of the tippler rings 
to counteract the weight of the frame and the cmjity wagon. Hy a complete 
revolution of the tippler trimming is rendered unnecessary, the wagon being 
expeditiously and completely emptied. The tippler, which is ilfii.strated in 
Fig. 171. is built to handle 10, l.'i, or 20 ton wagons. 

Coal Meamrnnent. The best appliance yet devised for the continuous and 
automatic measurement of coal used with chain grate and travelling grate mechanical 
stokers is the Lea coal meter. 

The Lea Coal Meter .—This a])pa7atus operates upon somewhat similar lines 
to the well-known V notch recorders and integrators for water measurement. Its 
action is based upon the. theory that when coal is supjilied to a boiler by means of 
a travelling grate .stoker the amount of fuel jiassing under the fire door may be 
regarded ns a sLeani with a. (smstant width, but the dejith and velocity of the 
stream are subject to variation. 

The width of the stream is the .vidth of the grate, the depth is the thickness 
of the fire, and the speed is the rate of travel of the grate, therefore : ■ 

If W -the width of the stream in feet. 

T -the thickne.ss or depth in feet. 

V till' velocity of the stream in fei't per hour. 

Then the cubic fi'ct per hour 

WxTxX 

cross sectional areaxV, 

Although slack and small coal are not perfectly homogeneous and do not obey 
the laws of fluids, it has been found by experience that under ordinary conditions 
of working the flow of coal under a fire door is, geiierally speaking, proportional to 
the thickness of the fire, and to the velocity of the grate, and that the results are 
very consistent with what might be expected theoretically. 

As the width W is constant and T and V are the only variables, it will be s?en 
that all that is re({uired is some form of automatic integrating mechanism, which 
will at all times take into account the two items 'f and V. This is what the 
inventors claim that the Lea coal meter does. 

From the diagram Fig. 17.') it will be noted that the velocity or movement of 
the grate is transmitted by gearing to a spirally toothed drum whose pitch is 
eipial (or proportionate) to the maximum lift of the fire door, the height of which 
determines the thickness of the fire If. A toothed counting wheel gearing, with 
the spiral drum below and a counting box above, is mounted upon a rod or drarvliar 
diri'ctly connected with the fire door; as the fire door is 0 ])ened and closed the 
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counting wheel is moved to and fro laterally across the spiral drum which revolves 
it more or less according to its lateral position. 

Assuming' an 8-inch fire to be the maximum - f 

With an 8-incli fire the counting wheel will engage with all the teeth in the drum. 
With a 4-inch fire the counting wheel will engag?with half the teeth in the dnim. 
With the fire door closed the counting wheel will not engage at all. 

If the speed of the grate were doubled the sjwcd of the counting wheel would 
also lie doubled. If the grate were stopped Entirely, the counting wheel "would also 
stop, hor all variations, either in the thickmsss of the fire or in the speed of the 
grate, the total number of revolutions of the counting wheel will be proportional 
to the total cubic feet of coiil passed, and by means of proper constants or figures 
for the units shown on the counting dial, the total (juantity either in “cubic feet, 
tons or pounds can easily be determined. 

It will be obseived that the actual (piantity of fuel passing is recorded in units. 


Counter 



Fill. JT.'i. —Tiik Lka CdAi, Metf.k. 


In each case the unit must be determined by the user. This can be done by 
measuring out on the stokehole floor a certain number of cubic feet of coal (the 
greater the number the better), passing this through the stoker and noting the 
number of units recorded by the meter. Accuracy is guaranteed by the makers 
within a limit of 2| per cent. 

The Lea coal meter is illustrated in Figs. 175 and 170. 

Ash and Clinker Handling .—The removal of ash and clinker is a problem 
which within the past few years has become much more pressing. The increased 
percentage of incombustible and the high cost of labour, to say nothing of the cost 
of ultimate disposal, and the desirability of improving boiler-house conditions, 
are all factors which emphasise the necessity for introducing improved metho(js of 
handling residual waste. , 

‘In connection with fill steam ])lants having a coal consfimption of 50 tons 
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and upwards [jer week, it is well worth wliile to consider the installation of 
simple automatic plant specially designed for rapid and economical rembval of 
incombtistible. 

As already obsemd in a j^rcvioiis chapter, the problem of ash and clinker 
removal may be and is to a large extent overcome in connection with machine fired 
boilers of the water tube tyiw.. With all other ty])es of boilers, however, it is 
impossible to employ similar means, and the incombustible must be handled manually 
to the extent of bringing the same to the front of the boilers, even ii means are 
there provided for its automatic removal. 

In connection with many of the larger boiler installations, ash elevators and 
conveyors arc in use ; to a large extent these have ade(|uately met individual 
requirements, and have very considerably reduced the labour cost. 



OF STOKEB 


Fw. 17 ().—The Lea Coal Metek. 


PtieimcUic mid Steam Suction SystmiM.— hx some respects the modern pneumatic 
or suction ash handling plant is preferable to mechanical handling, inasmuch as it 
not only possesses the merit of simplicity, but while removing ash and clinker it may 
also be arranged to remove soot and flue dust. 

Two types of such plant are made by Messrs 15. llenuis & Co. Ltd., one of 
which is known as the jmeumatic ash plant, the other as the steam smdion 
ash conveyor. Fig. 177 illustrates a typical lay-out of a Bennis ash and soot 
handling plant, comprising a motor driven rotary e.xhauster, foul air cleaner, ash 
tanks, and the necessary pipe lines for conveying the ash or other material to the 
tan'M. 

Holes arciprovidcd in the floor plates in front of each boiler, each hole being 
fitted with a dujuping hopper, grid, and air cut-off. As the ash is drawn 
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from the cleaniiiff chambere at 
tlie back of the mechanical 
stoker grates' it is dumped 
(Ji'^ough these 6'peuings direct 
into the ash i)ii)e, see Fig. 178, 
thence being carried by suction 
into the ash tank. 

The pipes used for convey¬ 
ing the ash are of hard cast iron 
witli flanged ends and copper- 
asbestos joints, the pipes being 
carried upon brick piers, built 
into or at the side of the blow- 
off trench. At points in the 
pipe line where there is a change 
in direction special bends are 
useil, the weariiyg parts of which 
are of liard chilled iron, and 
retiewablc. 

In order (o provide for the 
removal of any ohstniction at 
the bends a handhole with an 
air-tight door is provided at each 
end of all bends. 

The a.sh tanks are providcid 
with discharge valves and watw- 
sprays, the lattm- Ix-ing arranged 
inside tlu; com-d jjortion of the 
tank, a pipe being tak(!n from 
the lower portioir iirto a sump 
for tiro di.spo.sal of any accumu¬ 
lation of excess water. This 
pipe is water-sealed in the sum 2 r. 

A jjijre of larger diameter 
than that used for the ash is 
connected to the upjrer ^lortion 
of the tank, and through it the 
foul air jrasscs to a water-seakid 
cleaner or scrubber. This apjrar- 
atus consists of a water-sealed 
vessel fitted with rows of water 
sprayed bafflers, to intercept %lust 
or fine particles • of ash, which 
otherwise might be carried into 

4 
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the exhaustef. The larffe water seal at tlie base ot the cleaner t- 

acts as a safety valve in case of undue pressure, or vacuum in tlu; • 
apparatus. " 

The ash is discharged from the tank by means ot a balanced i- 

discharge valve, which ])crmits of any retpiired (.[uantity being | 

delivei’ed direct into a railway wagon or other vehicle underm-uth. I 

The discharge valve is operated by means of a hand wheel. | 

The pipe line for removing the fine, dust from the Hues, econo- , : 1 

miser and chinmey base is mitirely sopai'ate from the ash pipe line, ; I 

but as a rule, the pipe lines are connected at the foot of tlie i)ip(! j \ I 

line leading to the ash tank. ! \ 

'I’he flu(! du.st pipes are laid in tlu^ cleaning out pit alongside \ 

tlui economi.ser, and aie fitted with various connections in the i 1 
length of the main flue and at tlu! i \ 

entrance to the chinmcy. The remaining 

s(!ctious of tlu! pipe, are usually canied in . . -V 

ti/mches belojy the ground leva;!. Klue \ "/ I—■— 

dust is remov<'d from the flues and econo- /Is/?. 

niisiu' cliandjers through short fh^xibh? VV./y .. , 

pines which are rwuovjible, iuid mav be Vl, 

, 1 ' • 1 'BhnoFF <> . 

fixed to Avhichever branch it. is desired Pipe Brick <; 

to use. Cover plates are provided for Piers <? 

the flues and economi.ser for closing down_ p j 

when the dust is being removed. The . -.s 

suction end of each flexible pipe is fitted l''ic. its.- 'I'iik Ussms I'nsi m.mic ,\sh 
. , . , , ,1,1 I Hemiuai. I’l.Asr. .\.sii Imake, 

witli a sp(‘eial tyjie of unchokeable nozzle. 


“ZTX 

:=7 

iC /Is/?. 

(i^ Pipe 



^Blow 

Pipe 

Brick 

Piers 

V 


l7.S.- -’rilK liENMS I'NSI .MATIC ,\SH 
HeMiiVAI. I’I.ANT. .\.SII l.MAKE, 
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The motor driven exhauster is of the rotary blower tyjje, varying in capacity 
according to the quantity of residual to be handled. 

Tlut Steam 'Suction Conveyor .—For small boiler houses, whery the cost of a 



Km. ISO. -The He.nms .Siea.m .SutnoN Asii C'omvevoh. 


pneumatic system is not warranted, a simple form of steam suction conveyor is very 
useful. This type is illustrated in Figs. 17!) and 180. 

The steam suction ash conveyor comprises a heavy cast-iron pipe line fitted 
as may be necessary with bends, tees and corner pieces,, which have renewabk 
chilled metal wearing parts. „ 

For the removal of ash a pipe line is laid in the boiler house, upually under the 
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floor plates, ash intakes being provided in the door in front of the boiler’s. The, 
diameter of the pipe line is usually fi in. to 8 in., the latter being preferable, as it 
will take the larger pieces of clinker. The holes in the pipe line are provided 
with valves through wliich the ash is raked into the pipe. 

Economisers and flues are similarly cleaned, branch lines of smaller diameter 
•—usually 4 ins.—being used for this purpose. 

When the steam valve is opened the ash is raked into the intake of the conveyor 



Flu. 181 .—The Bexsis BccKEt Ash Elevaiuk. 


and carried, by means of the suction created to the overhead ash hopper, to an ash 
heap outside, or direct into a railway wagon or other vehicle. With this system 
ash can be elevated or carried for distances of from 200 lo IlOO ft. if so desired. 

Bucket Ash Elevulors .—The bucket t}'])e of ash elevator with covered overhead 
storage bimker is illustrated in Fig. 181. This tyjie of elevator has been extensively 
iised in connection with many small boiler installations. 

in the, case of the plant illustrated, the a,sh is dumped into an 8-in. bucket 
elevator, arranjjjed in a corner of the boiler house, and is carried by the •elevator 
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(into an overhead bunker, liaving a eapacity of JO tons. The bunkei’ di.seharji<' 
outlet is c^mti’olled fioin the (ground level by means of a hand lever and rotary 
cut-olf valve. ' , • ' 

lli« Um> Ash (J(mtvi/or. The l-seo ash eoiivej;'!!' may be de.teribed as a 
scraper or drag t^^ije of conveyor working in a trough ananged immediately below 



that ])art of the fuiliace wluu'c the ash is delivered ; in the ea.se of a 1ia\'elliiig grate 
stoker, under the rear end. The ashes are delivered from the stoker into a cliute. 
tlu! end of which is below the level of tin; water with wliich tlu' trough is filled, 
and in which the conveyor ojx'iates. 

The standard method of installing tin; system is shown in l<’ig. I,S2, whei-e two 
coimsyor chains are woiking in one trough, with a hinged door lietween them, 

. serving to divint the flow of aslms coming 
; througli tlie cliute on to one or other chain, 
whichever may be in operation at the time, 
p The trough is designed so that either chain can 
^ be removed from it without dismantling any 
other part of the gear. 

P The trough is usually a ca,st-iron vessel 
p built of .strong ribbed plates running the whole 
I length of the boiler house, and about 2 feet high. 
It may be suiiported upon tre.stles from the 
basement, as shown in Fig. 182, in which (ose 
the return part of the chain will usually run on 
rolleif imderneath the trough. In the case of boilers which are built on the giound 
level, or under which no basement or ash tunnel exists, tke trough may be builk- 
in the ‘boiler setting as shown in Fig. 183. In small installations, wherarthe cost of 
a duplicate conveyor may not be warranted, a single conveyor may, be provided as 
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shown in Fig. 184, with an alternative outlet on the chute, so that the ashes iiiaY, 
if so desired, be discharged on to the floor of the tunnel, to be remov«d by oth^r 
means. * 

The nfethods shown Figs. 182 and 183 necessitate that the ash and clinker 
])uss through the return chain on to the lowin' or operative part of the chain, the 
space between the chains and the cross twrs being ample for the largest pieces 
to pass. 

The ends of the trough are inclined upward so that it may confain water which 
is of suflicieiit height to seal the ends of the ash chutes. The ashes are thus (juenched 
as they fall from the furnace, preventing the escape of dust and fumes. 



Fig. 18.').—Tiik I'si.o Asa Co.svkvgk .\M) Asa Hui'i'Eit ix Tcnnel 
wiia .Aeturna'iive Discu.auge i.\ro Tie Wagon. 


The delivery end of the conveyor may be continued any distance requirial, so 
that the ashes be discharged into a bunker or railway wagon, or on to a dump. 
The ash chute is only intended for allowing tlie clinker to droj) from the furnace 
into the trough, and must not be considered as a storage hojiper. 

T’he illustration Fig. bSo is reproduced from a photograph showing the con¬ 
veyor with ash hopper in an ash tunnel. 

The outlet at the base is usually about 18 in. wide and 3 to 1 ft. long in the 
leifgth of the trough, so that the largest clinkei' can readily pass. The Usco tonveyor 
is made by Tlhe Underfeed Stoker Co., Ltd. • 



316 . UTILISATION OF LOW GRADE AND WASTE FUELS 

V . -With the continued increase in the size of water tube boiler 

units, the necessity for adoptinjf improved methods of soot removal has become 
increasingly acute.' * 

It is smreely necessary to observe that the loss of Iv-.t conductivity is serious 
as the result of the constant deposit of soot upon the heating surface of the boiler. 

The Soot iancc. - The soot removing apparatus which has been commonly used 
or many years past, mid which is still mostly employed, is known as the steam 
or lance, of which it may be said that its'only virtue is its simplicity. 

• «: • ** removing soot has always been regarded as expensive and 

melhcient, while at the best being but a clumsy expedient. To a large extent it 



ill practice too large a proportion of the .soot is merely lifted from one section 
of the boiler and deposited in another; in short, the method is haphazard, and as 
such must ere long be superseded by a ])ositive and efficient system. 

Mechanical Soot Blowers.—In the larger installations of water tube boilers, 
hand sooting is now being abandoned in favour of mechanical soot blowers. The 
adoption of larger boiler units, and accordingly the greater width between the side 
walls of the setting, renders imperative the adoption of some simple and effective 
means pf ridding the heating surfaces of soot deposit. 

In the United States for some few years past the use of the steam lance has •. 
been largely abandoned in favour of fixed mechanical soot blowers, operated as a 
general rule from the firing floor and used at frequent intervals. 
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Diamond Soot Blowers .—The diamond soot blowers illustrated m' Pigs. Idfi 
and 187 are bolted upon the .side or sides of the boilers in suitable positions, having 
in mind the working range of each blower. The blower jet tube lias a line of 
jets along jts length, the jets lying at right _ __ 

angles to the boiler tubes. - | ' ^ ■ 

The operating head of the blower ■ . i 

contains a dual purpose worm gear, the | 

first movement of which by means of'the ^ J 

extension handle on the blower opens the \ 

valve which is contained in the steam head, 

the further movement giving motion to the ^ ^1 
jet tube, and rotating the same through | ^ 

the segment of a circhi, thereby subjecting ^ | E 

the tubes to the cleaning action of the steam | 

jets as they traverse through the paths 

indicated. The, limit of travel is fixed by ' / 

stops fitted in the blower head. 

The oflferation of the blowers is very ^11 ilh 

.simple, no skilled attendance is necessary. 0^ 

The advantag(! of the valve in the head is ^ ^ 

not only in simj)lif 3 ung the pipework, but I 

the dyhign admits of instant movement of 
the jbt tube as soon as the steam supply “ 

is fully opened. 

The ideal cleaning action with a .soot 
blower is in the .slow and steady action of 
the jet tube, as it will be readily understood 
that only a .slight movement of the same 
wilt cause the jet at its extremity to pa.ss 
over a considerable distance. The worm 
drive in the head ensures this action. ^ 

ft is claimed that the simjdicity and 
ea.se with which the blowers can be ojierated , 

encourage their regular use, whereas there 
is no doubt that sooting with a lance is ^ 

work which is as unpopular as it is ' 

ineffective. '-'--—’ 


The blower jet tubes are constructed Kki. 187 .—The Diamonh .Soor Bi,ii\veii. 
of Perek’s rcactal metal, which is said to 

be capable of standing constant exposure to a temperature of 1000° C., and 
to be unaffected by chemical action of the furnace gases. 

The blowers may be operated either from the firing floor level or from a gantry 
* as jlesired. As compared with the operation of the .steam lance, the blowers provide 
a positive method : thev eliminate the uncertain and variable human factor, un- 
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(loubtiMlIy (iMng the work very much more efficiently and quickly, with a reduction 
in the consumption of steam used. 

Further,* the j4yst(unati(^ and frequent use of apparatus for freeuif? the heating 
surfaces of soot deposit means greater heat transmission and a lower tem[)erature 
of the exit gases, with a consequent incn^ase in the thertfal efficiency. 

The dorenitij of Boilers and Sleoiii Pipes. —Tn one of the excellent technical 
papers’ ])repared hy tlm United States Fuel Administration for th(! guidance, of 
steam u.sers, the u.se of non-conducting iriat(‘ria^ for the covering of boilers and 
steam pipes is flms referred to : 

If you cover a steam |>i|ie with asbestos, magnesia, or other heat-insulating 
material, you keep tiu! heat in the steatii. If you line or coat a boiler tube with 
scale or other heat-insidating material, you keep the heat out of the boiler water 
and send it to the sttK'k. By lagging your pipes you save find easilv. By lining 
your tubes with scale, you waste it continuously aiiil needh'.ssly." 

Not only is the loss of fuel heavy as tIu' result of failing to cover boilers and 
steam })ij>cs with non-conductiug composition, but the use of cheap, unsuitable 
and inefficient material is also res|>onsible for a serious avoidable loss. 

AVhile obviously a covered surface must be more efficient than a bare surface, 
the use of an insullicient thickness of insulation, as also cheap composition, having 
an efficiency of from ft) to (iti ])er cent., is all too common. 

The higher steam tcm|ieratures which arc I'low becoming common practice 
necessitate the u.se of Tion-conduct iug covering, not onlv of proved elfieien\,y, but 
also capable of withstanding constant ex|)Osure to high temperatiin^ corutitions, 
without charring or disintegration. 

The talndatecl restdts of tests (Tables 42 to 41) showing the heat losses 
from covered and tmeovered pipes arc of unusual interest, as they have been 
extracted from a nqiort on insulating materials jwepared by The National Physical 
Laboratory, Teddington, in Decetnber 1922 and January 192:4, for Messrs Hobdell 
Way & Uo., Ltd., by whose courte.sy they are inchnh'd. 

Insirtnoeiiis aw! Teslimi. In Technical Paj)cr No. 219,^ prepared by the 
United States Fuel Administration, based upon an article bv Mr Jo.seph W. Hays, 
the importance of using control instruiTients is thus referred to : 

'■ There is absolutely only one way to .sto]» wasting coal burned in .steam power 
plants. Part first of this one and ot\ly way is to ensure that every particle of the 
carbon of the coal comes into intimate contact with enough heated air to su]))>ly 
2^ lbs. of oxygen •'* to each lb. of carbon.^ 

Part second of this one and only way to ensure fuel economy is to ensure that 
the maximum proportion of the heat developerl produces steam. 

* Sec Tochnipal PjijiPr 218, “Rtulcr Water jn-eimrcd hy tlie States Fuel Administration,“ 

in eollaboration with the Biirean of Mines. Reprint of Knjtineerinif Rulletin No. X Department of the 
Interior, Washington. 1010. 

* Teehnieal Pajter No. 210. “ ('oinhusthm and Flue (Jas Analysis.” Department of the 

Interior, Bureau of Mines. 1010. ♦ 

^ wfdjiht of oxypen would he contained in 11 •.”> lbs. of air. 

* Darbgn will be eonsidertsl to be lhe<»nly eombiistible eoni]>f>nent of coal. 
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TA3LE No. 42 
Ilcdt Loss Jrom Cororcd Pipes 

H.T.U.’s per hour ))t‘r .s(|uai'e foot, of lafjged surfaco per dogrpo Fahrpnhoit 
tPiniH'raturp ditfpn'upc t)pt\^, pii tlip pipe and tlip air of tlip room. 


t 'over. 

H('at loss 

•% 

in K.T.t’.'s per Iioiir per sipiare foot per de^rree 
t ernj)erat u re d ifT<*n‘nee. 
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In nji casps final r(aidinf!.s worn takuui only wIipu, for a given energy eonsum])tion 
in the j^ater. the f(uuperaf are e.xrps,'! of the pipe liad attained its final steady value. 
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TAHEK No. 1.5 

llcill Losses jrom Vneoeered Pipes 

Surface: ()xi<liscd. 

Rootii tcmperaturi', about 70“ F. 

'l'i‘in|K'ratuii’ Heat less from ]ii)i(' (li.T.l'.V) iicr 

cvi r.ss (if .sfjiiun' toot ]ifr' hoiji' ])pr (legi’cc 

Kahn'iilioit. tpinppfaturo p.kcpss. 


bSd' 

2-.4 

(2-.4)' 

270' 

;m 

(0-0)' 

;i(io ‘ 

:{-7 

(.•{•0)1 

15(4 

•I'l 


.410' 

,4-1 


(i.'iO" 

.4-!) 


720" 

(i-0 


810“ 

8-0 



•• ‘ “Tlni values iti lirackc'l.' ua'I'P! ohtninetl I>y e.vpfTiinout.s witli Ti-in. pipe previously lueiitionetl. the 
other flj?ures qupted heiiiirfor n D-in. pipe. After this .surhicc'was fn'shly eleanefUvith sandpaper, a 
rt'.Midl. was ohlained of 2*2 units at IHH Kahr. temperature exeess.” ^ 
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TABLE No. 44 
Heat Loss frmn Covered Pifies 

(B.T.U.’s |)(‘r tio>tr (ht s(|uaTC foot of lagged .siwface pcir degrfce Fahrenheit 


temperature, 

differeuci 

between 

the 

p)i])e and the 

air of the room.) 




Hciit loss 

_ 

in B.T.l'.'s 

|ior Innir per sfpiaro 

*Mlt ]«T 1 

l(*«jn*(‘ trm])orature difference. 

.. .. 

'Pemperaturo 
of Pipo ‘ F. 


Majjiu* 

‘4ia. 


Hobsil .] in 

-f- 

Hobsil 1 ill.+ 






i .VIiij.npsiii I 

in. 

.Ma^nusia I in. 







: + .■\cliillcs .! 

in. 

4 iSii-iiillos ^ in. 


1 III. 

1 i 111. 


2 in. 

2A in. 




350 

O-Ol 

0-39 


0-32 

0*28 

0-40 


0-.35 

400 

o-o-i 

0-39 


0-32 

0-28 

0-41 


0-36 

4r)0 

0-,52 

O-IO 


0-33 

0-28 

042 


0-36 

.'iOO 

0-.52 

0-40 


0-.33 

0-29 

042 


0-3(i 

m) 

0'.5:i 

i 0-40 


0-33 

0-29 

0-43 

i 

0-37 

600 

o-5;i 

’ 041 


0-34 

0-29 

043 


0-37 

650 

0-.5:! 

0-41 


0-.34 

0-29 

043 


0-37 

700 

(>•54 

0-41 


()-34 > 

0-30 

0'44 


. 0-.38 

750 






044 


\'b38 

800 






444 


0'38 

900 






0-45 


0-3V, 

1000 






045 


0-.39 ' 

10.50 






0-45 


0-39 

To do both these 

things is 

ab.solutely the only wa 

V to make. 

each lb. of coal 


generate all tli<‘ steam it can.’ To even allempl to do either H'ithout the use oj the 
eontrol inslrumetils to he rejerred to later, is simphi to waste coal, hieritahli/, inmriably, 
and unnecessarilfi. In order to .save fuel by burning it correctly, it i.s not enough 
to merely bring about the })roj)er conditions in the furnace. These conditions 
after they are started must be kept going, and we mu.st have some means of 
knowing positively that fhey are being kept up.’’ 

The present position in this country is that in the majority of boiler houses 
no provision wliatever e.vists for the weighing of coal and the measurement or 
weighing of feed water. 

It is .scarcely necessary to observe that these are but the nece.s.sary preliminary 
steps towards efficiency in operation, and until means have been provided for 
accurately determining the weight of coal burned and the quantity of water 
evaporated in a given time, nothing whatever can be known as to the actual re.sult8 
which are being obtained. * 

4 ' 

' Pyactioalivs tlio highoftt <l4‘sira)»lo ti’m^foratiiro will (lcj»on<l n|«in tin* fusing point of th<* ash. 
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This, unfortunately, is the jiresent condition in connection with the ftiajority ^ 
of steam boiler installations in Great Britain. It is the root)cause of tht/ exisfinj;* 
low average thermal efficiency, and is re.s])onsible for an enormou i was’te of coal, 
which is detrimental alike to the steam user and the nation. 

The actual cost of weighing coal a)id measuring water is negligible in 
comparison with the value of the information obtained. The first steps towards 
efficiency do not involve the provision of elaborate and costly apparatus. 

For occasional or periodical eva^)orati\‘'<! tests tanks may be u.sed, and althougli 
it has b(!(m recommended that all water u.sed should b(! weiglu'd,*it is usually 

found to be much more convenient to ..^ 

arrange for measurement by volume. [ 

The most suitable arrangement is to __ 

provide two graduated measuring tanks m~ 

of etpial capacity, placed side by side and 

connected up as shown in Fig. 188, the , 

outlet from each tank to tlu^ feed ])inn]) 

being ])rovide(l with a cock so that the 

pump may takh the supply of baal water 

from each tank alternately. 

These two tanks should each have a 
capacity of not less than twenty tni,lutes’ 
sujiply, that the attendant may have ' '■y 

ample ^ne to ofien and close the cocks, | _ 

oKsei^ and check the water level, take a 

the Temperatures, and note all records. i-xi-Lt-ty—■ 

It i.s sometimes preferred to provide J, Li'LL'!- 

a third tank to hi! used as a feed tank. 1-- 

this being fed alternately with fixed and 
eipial quantities by the two calibrated 
tanks, the pump or injector taking its 
supply from the feed tank. As a getUTal 
rule it will lie found that the arrange- , 

ment of two tanks is perfectly satis- ^ ^ ^ 

factory, but there is, of course, no 
, . . ,1 • • e —Abkamikment OF Feed-watek 

objection to the provision of the extra Mkasurini! *1 'anks. 

and separate feed tank, if so desiretl. 

With careful and systematic operation this method of water measurement is 
accurate, and will meet all reasonable requirements, for a steam boiler jilant of 
small or moderate, size, for an occasional evaporative test, and also for the clu'cking 
of meter measurement. 

All coal must be weighed, and as with the water .so with the coal, aksolute 
accuracy in the records taken is essential. For an ordinary te.st it will usually be 
found quite satisfactory to weigh the coal in a barrow or other receptacle on a scale 
or weighing machine, in quantities of 1 cwt. or 2 cwts. at a time. In order, however. 


X 
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to avoid' tfie constant weighing of coal throughout the test, it is best to arrange at 
■intervals'to weigh half a ton or one ton, then depositing the same upon the firing 
floor ready' for use. 

For periodical evaporative tests, the proposed arrangements both in regard to 
the measurement of feed water, and the weighing of coal will be found quite satis¬ 
factory, while not involving citlu^r serious trouble or expen.se. 

For the continuous measurement of feed water, either of the meters aloiady 
de.scribed may be used or others. For ihe c(vistant automatic measurement and 
recording of coal used in connection with individual boilers, the Lea coal flow 
meter, see Figs. 175 and 17(1 will be found exceedingly useful, although the 
ap|>lication of this (hivice is limited to water tube boilers, fittcal with chain grate, 
or travelling grate stokers. 

There are, other tv[)C.s of continuous weighing and measuring apparatus for coal 
used in connection with overhead buidcers, and a gravity sujjply through coal 
chutes, delivering the fuel into the ho]ipers of mechanical .stokers ; these are made 
both in fixed and travelling types. 

A.ssurning that means are provided for tin? .satisfactory measurement or weighing 
of the feed water, and the coal, either for periodical or continuous‘iise, it is then 
neee.s.sary to provide for analysis of the find usisl. 

Tn the ca.se of works of small or moderate size, where the conditions are such 
that a reasonable efficienev can be niaintaine(\ with occasional evaporative tests, 
it is not neee.ssary to providi; for the analysis of fuel on the yiremises. ^'arefully 
selecti'd .samjdes may be taken ])eri()dieally, and sent to one of the weVi.known 
testing laboratories for their report. ' 

Having arranged for th(! measurement of weighing of coal and feed witter, 
as also for the analysis of coal, it is now jiossible to ascertain what is being 
done, t.c. what results arc being obtained, and to conq)are the. same with 
the re.sults which should be obtained, having in mind the calorific value of the 
fuel us(!d. 

In the average case it will be found that the evaporation obtained per pound 
of fuel burned is low, in many ca.ses very low. It may, for instance, la; shown that 
by compari.son with the calorific value of the fuel used, that only from 50 to 00 per 
cent, of the heat units in the c(>al are accounted for in the evaporative results 
obt<ained. 

The next step towards efficiency is to di.sco\ (^r how, why and wh(;re, the lo.ss 
in ellieiency may be accounted for. This invoiv(« the ])rovision and careful use, 
of instruments, ami apj)aratus, which will be diseusserl, as also the systematic, 
logging and .study of all (essential records. 

The range and types of the instruments to be used will nee(;ssarily be determined 
by the size of the .steam plant. While it is impo.ssible to .secure and maintain 
e.fficient working conditions without the use of certain ap])aratus, such as a draught 
gauge, a COj recorder, or flue gas analyser, a pyrometer, and thermometers, the 
type,and number of the.se and other instruments, and a hordingly their cost, vWll 
depeml upon the number of boilers used, and the choice between a'rigid .system 
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of testing, recording, and checking, or with small plant periodical fcsting and 
checking only. / •' 

In large works where a spare boiler is availabhi it is desirable t</completely 
■equip a boiljjr for continuous testing and experimental purposes. It is then possible 
to carry out very exhaustive, practical tests, under working conditions, and to 
determine tind set the elticiency standard for all the boilers. 

J'lven for small works, as already observed, a certain delinite minimum equipment 
is necessary, if any etfective sttqis amt to be*taken to determine tlu; (existing conditions, 
and to bring about any mat((rial improvement. * 

Coat . iMrt/i’/.s'/.s'.—The analysis of coal is of vital importance, not only in order 
to detcu'mine the. results which should be obtained in its combustion, but also to 
ascertain its quality, charact(!ristics, and suital>ility, as also its comparative value, 
having in mind its cost. 

In order to take any really etfective steps for the promotion of economy and 
efficiency in tlu! boiler honsr;, it is of [)rimary importance to institute, a regular system 
of fuel analysis. 

• If fuel analysis were the general rule among steam users, if the vast majority, 
instead of titc com|)arntively few, ado|)ted this course, the coal owner and the 
niiddleman would very (juickly realise that existing methods must cease, and that 
the purchaser must Ix! supjilied with a commodity closely a[)proximating in valiU! 
to the pric(! demanded. 

If ^t(!am users gemually thus took steps to protect themselves, far less would 
be h«'.rd about dirty coal, and also (excessive moisture in s(mie finds. Under 
exi^ig conditions steam users have had to ])ay very heavily for useless incom- 
bifctible, and also water. While it is true that cleaner fuel is now being siqiplied, 
the user will not be adequately protected until he. jirofects himself, and he will not 
reach this stage until he realises the importance of analysis. 

In the United States, it is now po.ssible to purcha.se fuel on the basis 
of its calorific or heat value, which is the only correct and satisfactory [uirchase 
basis. 

This is the purchase basis which must idtimately be adopted in (Ireat Hritain, 
although hitherto it has not found much favour. A much more extensive adoption 
of fuel analysis by steam users would undoubtedly t(‘n(l towards this desirable 
change in the purchase basis, and hasten its general recognition and adoption. 

Referring to the purchase of coal, Mr R. Clayton in his very useful work, 
■■ Boiler In.spoction and Maintenance,” ^ maku^s the following observations ;— 

" In the past coal has generally been purehased in a slipshod manner—usually 
in the cheapest market -and it has been used without any systematic reference to 
its (piality, or to the amount of w'ork which it jierformed. M'hilst large coal bills 
were deplored, no attempt wars generally made to inve.stigate the reason. 

“In the majority of factories no idea prevailed as to the amount of steam raised 

per (lay, or per working week, and coal delivery notes were usually strung*on a 
. • * • 

^ Bgiler Inspection and Maintenamo,” by H. Clayton, Surveyor, Manelicstcr Steafti Users’ 

Association. 
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skewer rfiul hung in some odd corner of tlie general office, to litter the place and 
•harbour (hist.” I 

Those ‘who have had experience of the conditions which have obtained, and 
which still obtain in a large number of works, will not question the, accuracy of 
Mr Clayton’s statements. These are tlie conditions which will have to be abandoned 
before; any considerable advance can lie made in the eflicient use of coal for the 
generation of steam. 

There is only om; correct method of ^mrclia.iing coal, that is on the basis of its 
calorific or heating value as determined by a calorimeter, due consideration being 
given to the quantity of moisture, both hygroscopic and free, the [lercentage of 
ash and sul|)hur, as also the volatile hydrocarbons. 

Proximate- analysis, which will suffice for all ordinary purposes, gives the 
moisture perccmtagei and the percentagcjs of volatile matter, fixed (airbon, and 
ash, as also the calorific value of the fuel. 

Ultipiate atudysis, which for all ordinary pur]joses is ({uite unnece.s.sary, gives 
the chemical com})osition of the coal. i.e. tin; ])erc(;ntages of carbon, hydrogen, 
nitrogen, and oxygen. The loss due to moisture in coal usually averag(;s about 
f to 5 per cent., but as this loss increases at the rate of 1 per cent, fof every 10 per 
cent, of free moisture in the fuel, it is very d(;sirabhi in its ])urchase to have dm; 
regard for the moi.sture content, which in tin; case of cok(; breez(; and coke, may 
ite asdiigh as bo jier e(“nt. or even in excess of tips. 

The moi.sture loss referred to above, is the combustion loss, this (k)es not 
represent the total lo.ss dm; to an excessive moisture content, inasmuch\os the 
moisture is purchased at the satm; rate as the fuel, involving also the extrit.eost 
of traiLsport and handling. 

In proximate analysis it is understood that the term volatile matter applies 
to the volatile hydrocarbons liberated by heat as distinct from the moi.sture. The 
fixed carbon is the carbonaceous residue remaining after the distillation of the 
moisture and volatile matter, and after deducting the a.sh. 

In the taking of .samples of C(ud for analysis it is of the utmost importance; 
that the .sample shall be thoroughly repr(;.sentativc of the bulk, otherwi.se the; results 
obtained may be entirely misleading and worthh;s.s. 

Having in mind the very small proportion of an average .sample which is 
ultimately tested, it will be appreciated how easily an error of from 1000 to 20(K> 
B.T.L'.'s in the calorific value may be made, and how important it is that the 
sample for analysis should be .seh;cted with the, utmo.st care. 

Calorimeters. —On(; of the most reliable .standard calorimeters is the oxygen 
bomb Mahler type of instrument. It is, however, a somewhat intricate api)aratus, 
and frequent use is necessary in order to obtain consistent and accurate residts. 

For more general use the sodium peroxide electrically fired bomb calorimeter 
will be found a very convenient and useful apparatus. After a little experience 
in tho use of this instrument it will usually be found that the results obtained will 
agree rery closely with those obtained with the IMahler bomt calmimeter. 

Th^ Rosenfuiin Fuel Calorimeter. —This calorimeter is an improved form of 
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the well-known Thomson instrument, and is made hy the Cambridge' k I’anl^ 
Instrument Co., Ltd. } * • 

The instrument comprises essentially two jiiirts the cidorinmter vi'ssel 
containijig the water, and, the combustion chamber in which the coal.is burned. 
The combustion chambiu is formed of a glass lamp chimney closed at the top and 
bfdtoin which are se|)arated from the glass by rubber washers. , ' 

The |)lates are drawn tog(ither by means of scn^ws on three nickel-plated bmss 
uprights lixed to the lower plat(>. * .A. ball containing a stulfing box is mounted on 
the up[)er plate, through which a tube passes containing tin; electric ignition device. 

The u|)per plate also carries a tube for admitting oxygen into the combustion 
chamber. A wire gauxe nozzle is fitted to the end of this tube to prevent the oxygen 
jet from breaking up the coal sample. 

The combustion chamber communicates with the exteAor bv means of an 
aperture, thus ])ermitting the products of combustion to jiass from the vessel to 
the surrounding water. This aperture is closed by a ball valve which ijlows the 
ga.ses to jiass from the combustion chamber to the surrounding water, but prevents 
the water fnmi entering the chambiT. .\n arrangement is fitted by which the ball 
can be raised to alhnv some water to enter. This water is then forced out liy the 
o.xygen and mixed with the rest of the water, thus ensuring that the calorimeter 
and its contents are brought to one temperature. 'I’o prevent radiation the calori¬ 
meter vessel is enclosed in a wooden ca.se, through openings in the siile of which 
the progress of combustion may be watcheil. 

y lie following accessories are required for the proper use of the instrument : 
yO) A convenient source of oxygen, capable of giving a sullicient pre.s.sure to 
force the gas through the instrument. A cylinder fitted with a reducing valve is 
moat convenient. 

(2) A <a)il of metal pipe through which the o.xvgen may be passed before 
<‘ntering the instrument. This should be titted with a thermometer divided to 
<>•2° 0., and its temperature should not vary appreciably. 

(if) A measure of 1000 c.c. capacity. 

(4) A good thermonreter for measuring the rise of temperature of the calori¬ 
meter. This should be very .sensitive, and capable of being read to O-Ol" ('. 

(5) A 4-v<dt accumulator, and flexible leads to (lonnect it to the ignition t(>rminal. 

(6) A small silica di.sh on which the coal stands during combustion. 

(7) A coal-compressing mortar for preparing the coal samples. With this 
s'alorimeter practically perfect combustion is .secured, le.ss than | jier cent, of the 
sample escajiing combustion; when the. combustion is properly regulated no carbon 
monoxide is formed. 

A determination of the calorific value can be made in about half an hour. The 
rombustion of two grammes of coal occupies about ten minutes. 

No parts of the apparatus are exposed to high pressure, a small (piantity of 
oxygen is required, and the only breakable part is the glass chimney, whicli can 
be raplaced^quickly for a few pence. • 

As the samnle is burned under observation, its behaviour as regards caking 
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and clinkering can be seen. No stirring of tlie water is required ; this is agitated 
Iry the gfis bubbling I through it. b’er standardising the ealoriineter the makers 
supply small cAal Inbiuettes, the calorific value of which has. been carefully 
determined and which is indicated on the receptacle.. The water Equivalent is 
bc.st determined by burning in the calorimeter samples of this coal. 

The calbr,imeter m<ay also be. used for testing the calorific value of oils, for 
wdiicli puipose the makers .supply .standardised absorption pellets. The Hoscnhain 
, calorimeter is illustrated in Fig. 189. 

In the larger works fuel analysis would of course be regrdar, systcmoti(!, and 

i 


I 

I 

I 
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actually part of the ordinary routine operation, la tin; ca.se of the small works, 
as already ob.served, the analysis of coal should be no less systematic, but having 
in mind the less trc(pient deliveries with possibly no variation in the source of 
.supply, and the small con.sunq)tion, a weekly, fortnightly, or monthly analysis 
of a repri'sentative sample sent to a testing laboratory would serve to maintain 
an efficient check on the purchases, and would at the same time provide a basis 
for the comparison of the results obtained in periodical evaporative te.sts. 

i'lue Gas Analysis.- -Flue gas analysis is essential in ijider to determine th* 
completeness of the combustion of the carbon in the fuel and the extent of the 
heat lo.siie.s due to incomplete combu.stion. 
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• 

The, quantities as determined, by analysis are volnmetrie, and shoifld*be ascer¬ 
tained in the following order; Carbon dioxide (CO,;), o-']|ygen (()), a/id carbo»f 
monoxide (COV Flue gas analysis provides data which is of lyuch •value for a 
study of the follorving : ^ 

(1) The handling of the fire. 

(rt) Determination of the correct method of firing. • 

(fc) The proper levellijig of J:he fire to keep it free from holes and 
consequent air leakage. , 

(c) The depth or thickness of the fire to produce the highest efficiency. 

(2) The most efficient draught for the thickness of the lire, and the load on 
the boiler. 

(3) The condition of the boiler setting from the point of view of air infiltration. 

(4) The necessity for providing a secondary air supply to conqdete combustion. 

(5) To some extent the design and construction of the furnace. 

In common with all analysis the value of the flue gas analysis depends to a 
laige extent upon the care, taken in olAaining an average sample, and thin 
nhoM he taReu from the hod;/ of the f/u.v ntream. 

'riic, jnwise position of the sam])ling tube connection will be determined by 
the use fo be made of tlni analysis. If it is desired to ascertain the total heat losses, 
tlnm the connection must be jiiadg at a point where! the .sample will show the effect 
of all air infiltration to the setting. 

J. i. on the contrary, data is required for furnace or fire control only, the samphi 
nviSt be taken at a. point where the gases are not diluted by air infiltration. In 
•nery case care must be taken that no air leakage ocicurs around the sampling 
]tipe, as this would give misleading data in regard to the composition of the gases. 

Th(! sampling tube preferably should Ire a length of J in. to \ in. wrought-iron 
tube, extending into the centre of the gas stream, and arranged at right angles 
to its flow ; th(! end of the tube should be cut srpiare. 

Th(! question is fre(|U(!ntly askird- is continuous analysis of the gases necessary 
or desirable ? This must be determined by the size of the plant, the working hours, 
and the conditions geiuirally. For small .steam plants operated for about ten hours 
flaily under fairly regular load conditions, occasional or periodical analyses for 
check puiposes for maintaining efficient working conditions wall suffice. For all 
other steam plants continuous analysis with a recording instrument is not only 
preferable but essential, if any serious attempt is to be made to secure and maintain 
efficient operation and control. 

In the exploitation of apparutus in Great Britain for the determination of 
GOjj in the gases, there has been and still is a disposition to disregard t'le effect 
of CO. A thick fuel bed and a limited or controlled air su])|)ly will show a high 
CO., reading, but such conditions arc very favourable for the production of CO, 
and will sometimes show an excessive (juantity of CO in the gases. 

, The ignition temperature of CO is about 1200° F., therefore unless .satjshiotory 
diffiusion is secured before the gases come into contact with the con^arativcly 
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cool heatirig surface, the combustion will he incomplete, despite the fact that a 
'high percv'nfage of COj is recorded. 

It is Important to periodically check the residts obtained fiom a-COj instrument 
by means of a complete gas analysis with an Orsat apparatus or e Hay’s gas 
analyser (see Fig. 190). This check analysis will not only show whether the CO., 
instrument needs adjustment, but also if any CO is present in the gases. 


I 



Fio. 1 !K).—Hav's Klce (Jas Anacvseu. 


Hay's Flue Gas Analyser.- Hay’s flue, gas analyser, which is illustrated in 
Fig. 190, is of American design of the improved Orsat type, and is a very 
convenient and compact apparatus for the periodical determination of CO^, 
CO and 0. 

The burette in which the gases are mea.sured is water jacketed to control the 
temperature, all measurements being made at atmo.spheric pres.sure by means of^ 
the levejling bottle, which is shown attached to the base of the burette. ^ , 

The instiMiment is provided with three absorber containers. The bulbs of two 
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<»f the containei'H are packed with steel wool, the bulb of the third coiitiin'er being 
packed with copper uire, wliilc the bottle beneath the bullj contains^.s<^ue scrap* 
copper. The container nearest to the burette is charged with the absorber for 
(IO 2 (a solutien of caustic jjptash). The middle containcu' is for the o.Kvgeu absorber 
(a solution of pyrogallic acid and caustic potash), and the one containing the 
copper is for the carbon monoxide (CO) al)sorber (an amnioniacal solutjdn of cuprous 
chloride). 

A mixture of the gases is analysed by tfie volumetric Jiahliod, that is, a raea.sured 
volume of the mixture is taken, and one of the gases removed by absorption. The 
volume then remaining is measuied. and the shrinkage indicates the ])erceiitage 
of gas absorlwd. 

The residual volume is then again exjjo.sed to another absorber which removes 
another gas. On remeasurement the \-ohime of that gas i.s known. This ])roeess 
is repeated until all of the gases have been det('rmine(l. 

Under ordinary conditions it is not necessary to make the oxygen and raiboii 
monoxide analyses, because as a general lule th(>re is but little risk of an\' appreci¬ 
able ^piantity of CO being jnesent in the ga.ses when the percentage of t'O is le.ss 
than from 11 to 1.5 per cent. 

The fimt |)roblem is to find the furnace conditions uhich will produce and 
maintain 15 per cent, of COj. and to actually get and maintain that percentage, or 
as close thereto as possible. When, this has been done, it is then woith whtle to 
determine whether CO i.s present in tin; gases. 

Tj.is analyser is not a difficult apparatus to op(uate, and if carefully used 
givei'V(!iy accurate results, while the jjrice is very modcnate. It is sold in Kngland 
l)>'^Iessrs Dugids, JAd., of .Manchestm-. 

7’he CO,^ Thermmcope. The simplest and mo.st compact hand apparatus for COj 
determination i.s the thermoscope, which is made bv the Underfeed Stoker Co., lAd. 

This instrument is based upon the principle that alien CO,, cither pure or 
in admi.xtiire with air, is brought into contact with caustic soda, a chemical reaction 
takes place, and heat is evolved, the amount of which is proportional to the ((uantity 
of CO 2 present. 

If, therefore, a measured (piantity of the gas mixture to be analysed is brought 
into contact with caustic soda, the amount of which being somewhat more than 
sufficient to absorb all the CO^ present, it is only necessary to measure the heat 
evolved to obtain a measure of the CO.^ in the mixture. 

The thermoscope consists of three es.sential parts, viz. : ■ 

(1) A cylinder fitted with a plunger for drawing a measured (piantity of the 
ga.ses from the flue or furnace, and subsequently passing it through ; (2) a cartridge- 
shaped receptacle, containing pulverised cau.stic soda, in which the heat reaction 
occurs; (.3) a thermometer with its bulb constructed to surround or jacket the, 
cartridge, so that the heat of reaction can be imparted to the mercury, the amount 
o^ its expansion, i.e. t^e percentage of (JO.j to be obseivinl on a movable scale. 
For occasional use this is a very convenient portable apjmratus which might* with 
advantage be exteasivelv emnloved. 
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The t'ambridye Electrical CO^ Indicator and Recorder .—this instnimeat, 
' tlu! of cj), in the gases is determinned by an e'eotrical method which 

docs not 'invok'c the \ise of any chemical absorbent. The method employed for 
ineasuring the percentage of CO,^ is one which was devired by Dr G. A. Shakespear 
of Birmingham University, for testing the purity of gases. 

The peV(jentage of CO.^ in the fine gases is df'termined by a method depending 
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upon the vaiiation in the thermal conductivity of the gas, caused by the presence 
of varying amounts of carbon dioxide. 

The instrument contains two identical spirals of platimim wire, enclosed in 
two separate cells in a metal block, each of the spirals being connected to form 
one arm of Wieatstone Bridge circuit. If an electric current is allowed to flow 
in this circuit, the two spirals will become heated, and will lose heat to the walls 
of the cells. 

' If tlie two cells contain gases of different thermal cor^cluctivity, the spirals j^ill 
cool at different rates, and one will therefore be maintained at a Jiigher tempprature 
than .the other. The difference in temperature of the two wires will cause a 
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deflection of the galvanometer, the extent of the deflection^ depending* upon 
difference in conductivity of the two gases. « f 

The constrvetion of the instmment i.s .such that changes in Hie temperature 
of the flue ghses, affect he*h sides of the bridge eipially. If, therefore, one of the 
coils contains a pure gas, and the other the same gas mixed with some other 
constituent, the extent of the deflection will be an indication oi the amount 
of the second gas present, and thi! plvanometer can be calibrated to show directly 
the percentage conipo.sition of the mixture. Either an indicating o^r a recording 
galvanometer may be used. 

The difference in conductivity biftween oxygen and carbon dio.xide enables 
the method to be employed to determine the percentage of caihon dioxide in 
tlie flue ga.ses. These gases consist chiefly , 

of nitrogen and carbon dioxide, mixed 
with small amounts of oxygen and water 
va])our. with ]ierhaps a, little carban 
monoxide. Since carbon monoxide, 
oxyjn'n, and i^trogen have all nearly the 
same conductivity, the small variations 
of the former two gases do not affect the 
readings.^ and the effect of water vapour 
can be connteraeted by keeping the4gases 
in both cells saturated. The dilference 
in conductivitv of the gases in the two 
cells will th(‘n depend only upon the per¬ 
centage, of carbon dioxide in the gas. 

This method of measurement has not. 
yet been made suitable, for determining 
the percentage of carbon dioxide in gases 
such as coke oven gas. where the per¬ 
centage of liydrocarbons or other con¬ 
stituents vitiates the proceedings. 

The Cambridge electrical ('Oj a|i|)aratus is made in .several types, eomjirising 
single or multipoint indicating or recording outfits, or combined single point or 
multipoint indicating and recording instruments. 

For distanei^ recording this is a very convenient appiaratus. That piortion 
through which the gases pass mav be arranged close up to the flue or boiler, the 
indicator may be fixed in tlu; boiler house for the guidance of the fireman, while the 
recording a])]iaratus may be fixed in the office. 

Figs." 191 and 192 respectively ilhi.strate the Cambridge electrical CO^ 
indicator and recorder. 

The Cambridtje Porfub’e CO.^ (tnd Teiiiiiemliirc Indicator .—This exceedingly 
compact and portable ctmibined indicator, illustrated in Fig. 19.‘{, embodies in a very 
eonvonient fjjrm a CO.^ indicator, identical in princiiile with that already des^ruied 
and illustrated in Figs. 191 and 192. The coujile jilaccd in the flue is connected 
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to the terJhinals marked “ couple ” for temijcraturo measurements. The instrument 
' i.s fitted'^w^th a multii-way switch, by means of which either temperature readings 
or COj readings, can be taken on the indicator. 

Simwance’s Patent 3.-1. H'. CO., /fecordcr. - SimniiK-ice's patent \'0.^ recorder 
made by Messrs Alexander Wright & Co.. Ltd., and illustrated in Fig. 194, consists 
briefly of tlle^ following parts :— 

(1) A gas extracting chaird)er working in conjunction with a syphon tank which 
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periodically extracts a large sample of gas, from which a smaller definite volume is 
mea.sured ofii and delivered to a caustic potash tank. 

(2) A potash tank fitted with inlets and outlets and a filling plug. 

(3) A small gas holder with a rising bell and a scale of 100 parts for remeasuring 
the sample after the absorption of the CO 2 . 

(4) A rotating clock movement for carrying the chart and pen mechUnism for 
recording the result of each analysis. 

(5) A water cistern and injector for drawing the gas up to the nicorder, and a 

tell tale ” gas chamber for showing the condition of the piping. • 

* An analysis is completed about every three minutes, the ends of the,pen marking 
on the ffhart form a continuous curve, showing variation in the amount of COj. 
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The Duplex Mono Aulomatie Gas Analyser. -T\\\s, is a comparatweJy now- 
apparatus made by the Svenska Aktiel)()laget Mono Coinpaiiy of Stockh,Mm, tlie 
special feature of which is the automatic testing and recording of (’v>^iid'other 
combustible gases in addition to COj. 

The working of the apparatus is dependent upon the fact tliat the jiroducts of 
the completed combustion of the carbon monoxide, and of tlie other <'ombustible 
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gases, bften contained in the exit gases from unsatisfactorily operated furnaces, 
are carbon monoxide and aqueous vapour. 

If, tluerefore, the COj be first determined in the exit gases, and subsequently 
after a sample of this same gas has been passed through an electrically heateil tube, 
in the presence of a catalytic agent, and completely consumed, the difference between 
t^e first and sulweipient determinations of COj will indicate the percentagf? of 
conibqstible ^as originally -present in the exit gases. The aipieous vapour being 
condensed is removed in the course of the teats as water. 
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Tile fatalyst UKed in tlie duplex monu instrument is copper oxide. The heating 
element^ used consists of an electric oven arranged on top of the measuring and 
absorptiv.rVvpparat\ii<, provided with a quartz heating tube, filled w'ith copper oxide. 
About 30 watts are necessary in order to give the temperature requited jn this tube. 

Mer<hiry is icsed in tin; gas switch which controls the inlet of the gas to the 
heater, as ajso its exit, no moving ]>arts are used to force the gas through the apparatus, 
mercury beiifg used for this jairpose also. 

77ie ir./t. CO 2 Indicalor. -The W.TJ. CO^ indicator, which is of British de.sign 
and make, is probably at the present time mor(! extensively us(!d than any other 
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OOj apparatus in this country. It is mad(r in tlinsi types—(1) as an indicator. 
(2) ns a recorder, and (3) as a combined indicator and recorder. 

The operation of the indicator, w'hich is illustrated in Fig. 193, may be briefly 
<lescrif)ed as follow’s ; ^ 

\ small aspirator S is used to draw' a sample of the ga-ses continually, Avhich, 
following the course indicated by the arrows, jrasses through the fdter F, after 
which it enters a chamber containing a ]jorous pot P, which is charged with a dry 
absorbing nnslium K for CO^. 

This chamber and porous i)ot are connected by means of two vertical ])ipes 
or tubisi w'ith a water vessel. The difference in pressure be.tween the gas in the 
outar chamber and that in the porous pot-due to the absorption of CO 2 —cau.ses 
tint water to rise in the pipe (1 connecting the porous pot A’ith the water vessel i, 
which acts as a gas flow detector, the flow of gas being shown by contimtous bulrblinff 




STEAM BOII.ER AND BOILER HOUSE EQUIPMENT. 335 


For Connection to 
Flue or Furnace 


through the water in this vessel. A graduated scale attached to this pipe^ indicates 
the percentage of CO.^. 

While the many typ(!S of (lOj afjparatiis now available re])i\!sent a grve,t’advance 
upon the various instruments of continental origin introduced in this country some 
twenty years since, and wlule, generally speaking, they leave but little to be ilesired 
in so far as accuracy is concerned, yet it is essential that apfiaratus yf this kind 
should receive reasonable care, and attention, and the operating and* maintenance 
instructions should be rigidly observj^'d. 

lyrawjhl (lauijes .—The most efficient draught for every boiler is tliat which will 
enable the demand for steam to be met, 
wtiile at the same time .showing the 
highest jiercentage of CO.^ in the gases, 
with an absence of CO. 

Such draught conditions can only 
be determined and maijitaiued by the use of a draught 
gauge in cotijiuiction with Hue gas analysis, and [ire- 
feraljy also with a knowledge of the temperature of the 
exit gases to* the chimney. Tn coimeetioii with tlie 
majority of steam boiler installations in this country, 
the only information available concerning the draught 
is that itr is good, bad or variable as the, case may be. 

As to whether it is the most, ellieit'Ut draught for the 
existing requirements, usually nothing is known. Had 
draught or bad coal have been termed “ the tireman’s 
striding alibi ’’ the ever-ready explanation for reduced 
jiresRun* or shortage of steam but in justice to this oft 
maligned individual, it must be admittial that those 
primarily responsilde have as a general rule failed to 
interest tlunnselves either in the. question of draught 
efriciency, or in the (piality, suitability or value of the 
coal used. 

It is no more. ])ossible. to determine the most efficient 
draught without a draught gauge than it is to determine 
the steam pre.ssure and water level without the use of 
the, necessary gauges. 

The U lube. The sinqilest form of draught gauge is the U tube, as illustrated 
in Fig*19t), which indicates the dillerence in pre.ssure between the point to whicli it 
is connected and the atmosphere. 

The dilferenee in the water level in the two h'gs of the tube shows the draught 
on the scale, imlicated in inches and tenths of inches of water. 

For all ordinary purposes and tor periodical use in connection with small 
steam jilants, this inexpensiv'e and simple draught gauge will be found quite 
sfiitable. • ^ » 

rHal Dmmjht *-For use at the front of boilers or at other convenient 
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points,,so,that the draught indication may be under continuous observation; for the 
< j guidancij of the attertlant tiie dial tv[)e of draught gauge is very ronvenitint. 

"AmMii the varibiis dial drauglit gauges on the market are the Bristol, Sarco, 
Cambridge, and Simmance’s Bead Beat Indicator, some of which are jilso tajuipped 
with coTifinuous recording mechanism, dangers of the dial type are also made to 
• indicate tlnvdiffereiu'e in juessure between two points, for instance, above and below' 
the grate of a furnace, or at the combustion chamber, the boiler damper, or at the 
inlet and outlet of the e(?onomi.ser flings, . As these. gatige.s are usually provided with 
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a large dial and a long scale, small variations in draught may be readily observed 
at a distance. 

the Cambridge. Dial Draught Gauge. Thw gauge, which is illustrated in 
Fig. 197, is of the flexible diaphragm type. For single point reading instrsments 
the front of the diaphragm is open to atmospheric j)re.ssure. The diaphragm is 
controlled by a spring, and comiected by a rack and pinion movement to a pointer 
which moves over the dial. All movements of the diaphragm due to pressure 
variations give rise to correa|)onding movements of the pointer. 

The Cambridge Draiujhl Recorder .—Another type of Cambridge draught gauge 
is iljustrated in Fig. 198; this is a recording instrument givihg the measurement ^ 
draught or pre.ssure up to the maximum range acro.ss the chart of 8 in. bf water. 
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This gauge operates on the hydrostatic principle, the pen arm being yajried on 
a German silver float, partially submerged in water, containetl in an outer vessel, ^ 
the water being covered with a layer of oil to prevent 
evaporation. ^ 

A tube connected to the point at which it is 
desired to obtain the mea.surement (inters the lower 
jiart of the instrument, and projects into the S[)acc 
below the float. Variations in the pjessure will there¬ 
fore cause a rise or fall, and the pen traces out a 
record of the pre.ssur(! variations on the (diart covering 
the revolving drum. The chart drum makes one 
revolution every twenty-four hours. 

A removable dust proof glass cover with 1)ra.ss • 




toj) jirotects the chart drum, 
' driving clock and pen. 

Simmance's Dead Beal 

J.'io. Rio.-'I'iie .Scmmascb 1)bai, Bkat Ini.icaior Indicotor.-Thk well-knowii 
J>RAUOHT (JaUUE. i . i • -ii 

draught gauge, whicli is illus¬ 
trated in Fig. 199, is of the diaphragm type. It is provided with a large legible 
dfel, which may, if desh:ed,^be illuminated. The gauge is provided with a two-vay 
cock, the turning of which vents the gauge and brings the pointer to zero. 

Y 
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TZ/e ^sco Draught Indicator .—The Usco draught indicator is a novel type ol 
r draught gauge, jnoxiding for the simultaneous r.yiding of draught pressures at 
' throe pofr)t<5. ' 

This instnlment is designed on the hydrostatic principle and” gives continuous 
reading w'itliout mechanism. The esscmtial element in tli’is apparatus, the measuring 
^gauge, consists of an open-ended gla.ss tube supported from a rubber cork, fitted on 




Frii. 200 .—The " I'sco ” Dkaciuit Iniucatoh. 


an e,\tension of a two-way cock on the top of the ca.se. Oufside of this .V.xbc is 
another tube closed at the lower end. 

In the interior of the open-end.sl tube is a float, in wliich is a scale, marked in 
inches and tenths, this float being so adjii.sted that the level of the water is at the 
zero marked on the scale, which is extended abovi; and Inflow this point. 

iThus the difference of levels in the water, whether due, to [.ressure or a partial 
vaiaium, can be read directly by the position of the surface of the anmdus against 
the scale without calculations or adjustment. 
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The three gauges are sul)stautially mounted in a strong tjust proof cas^e, which, ^ 
to facilitate reading, may, when necessary, be internally illun/inatetl. 

The Usco draught indicator is illustrated in Fig. 200. • 

DiffereiitM Draiif/ht ^rnuijefi. The differential draught gauge just described i.s 
of the vertical type, other differential draught gauges of the inclined type—a type 
which is now extensively used in the United .States -are illustrated ui Figs. 2fH’ 
and 202. 

//«//’« Dilferential Drawjht (Ini/ljes .—A good example of the differential type i.s 
Hay’s draught gauge, siic. Fig. 201. This gauge is arranged for inditations at two 
})oints, while in Fig. 202 is shown tlu! m(«<t recent develoiunent in this type of draught 
gaug(!, providing for separate connections to six ])oints individually controlled, with 
readings all on the one instrument. ^ 

With these gauges a light mineral oil is u.sed instead of ftater for indication. 
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the oil being coloured a brilliant red. For bringing the oil quickly and accurately 
to the zero mark on the indicating scale, the use of a siiecial levelling micrometer 
attachment, designed by the makers of the gauge, is recommended. 

These gauges are of very robust const l•U(•tion. easily readidde and in every 
r(!S|)ect suitabhi for boiler hou.se conditions. 

//Tfi/’s Vernier Druwjhl Gmuje. For very close, and accurate readings the 
\’ernier draught gauge constructed on the l.'-tub(‘ principle is exceedingly useful. 
It may 1 m held in the hand while readings are hi'ing takim, the slidable Vernier 
scales reading to one-hundredth of an inch water gauge. 

Temperature Indicutimj anti Ttecordhuj /wstrio/ungif.— Incredible as it may apjiear, 
in,the average boiler hqjise nothing is known as to the existing temperature at luiy 
])oint iji the flues. The chiitiney loss, serious as it .so often is, appears to be acetpted 
as a necessary evil, the extent of which is not generally appreciated. 
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Fid. 202 (part of).—H ay's Multi-point Draight tiAicE. 
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Fio. 202 (part of). —^Hay’s Multi-point Draught Gauge. 
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If the installations of e,conomisera or superheaters is contemplated, ysy^hy no 
information as to the available temperature is obtainable, ahd the firm tor firms^ • 
tendering must either assume a temperature, or alternatively alicertain Wie'available 
temperaturejor themselv^. Having in mind that the loss of sensildc beat carried 
away by the chimney gases is the heaviest of all losses in steam generation, and is 
usually the loss which offers the best chance for reduction, it is to be r(^rette<l that, 
its extent in the average case, and what it involves in avoidable waste'of fuel, is not 
even dimly realised. « • 

Unless means are provided for the determination of the extcn> of this loss, 
little is likely to be done towards remgdying it. For this reason, and because an 
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accurate knowledge of existing temperatures is neoxissary in any effective steps 
to eliminate fuel waste, and to ensure efficient working conditions, that the 
provision of one or more pyrometers is an essential part of the boiler house 
equipment. 

^rometerD .—The pyrometers which are now most extensively used in modem 
boiler house practice arc electrical, and either of the thermo-electric or resistance 
tjqjes. , 

Pyrometers of the thermo-electric type can be used to measure temperatures 
up to 1400° C., and are very convenient and accurate for the determination of 
jjas temperatures. These pyrometers depend for their operation upon thq fact 
that ,if wires of two dissixiilay metals are joined at their ends to form an eleptric 
circuit, and’one junction is heated, an electromotive force is set up, giving rise to 
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a current in the circuit which can be measured on a suitable galvanometer, Since 
< J;he magnitude of the electromotive foice depends upon the diflerence between 
the temptiature of the hot and cold junctions, the galvanometer,' which may be 
either of the indiciiting or recording ])attern, can be calibrated to g’ve readings 
directly in degrees of temperature. 

. The type of theimo couple used will depend upon the temperatures to be 
measured, and the conditions under which the couple will have to be employed. 
.Rare metal couples made of ])latinum artd an aHoy of platinum and rhodium have 
the longest lift., particularly at higher ti'm])eratures, and are the only type suitable 
for temperatures above 1100'^ C. which apiply cover all possible boiler house 
re(juirements. Rase metal couples, which are much less expensive, are quite 
satisfactory for tcmperntuies below llOO® (I. 
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'I'he protection provided for the thermo coiqde wires depends ujion the tempera¬ 
ture to be measured and other conditions of use. h’or temperatures above 800“ C. 
a porcelain tube is used, protected by a steel sheath left open at the lower end, 
to ensure rapid responses to changes in temperature. Foi’ temperatuies below 
800° C. a steel sheath is used with a closed end, if the temperatures do not 
exceed (500° (1., or for temperatures between (500“ and 800° C., two steel slfiiaths 
are fitted. 

Camiyridye Themio-eledric Indicdtor .—In h’ig. 203 is illustrated the .*ype of 
thermo-electric indicator which is now extensively used in boiler houses. The 
electrical re.sistance t)q.)e of instrument which is more usually known as a distance 
thermerneter, depends for its operation upon the fact thatfthe electrical resistance^ 
of the platinum wire changes with the temperature, according to a well-known Jaw. 
The re,sistance of the thermometer coil is tested by a modification of the Wheatstone 
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Bridge method, the thermometer being included in one arm of, the bridg(?»thc other 
coils of the bridge are arranged inside the case of the indicator. 

Any alteration or resistance in the thermometer due to ctiange.of 'temperature 
will cause if change in the galvanometer deflection, and the instrumept can be 
calibrated directly in degrees of temperature. These instriiments havti a range of 
from to 1000" F., and are made both for indication and recording. • • 

The thermometers consist of coils of platinum wire wound sjiirally on porcelain 
spools, and protected according to*the conditions under which they will be used. 
Although mounted in various ways to suit tlitferent rerpiirwuents, the.*thermomefeis 
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are all interchangeable, they are strongly made, and are not subject to brealoige. 
The so-call(Hi platinum bulbs are usually 50 mm. long and 11 mm. in diaiiuder. 
It is important that the whole of the btdb be subjected to the temperature it is 
desii^yi to measure. 

Camirridfje Index and Recordmj Thermometern. Mercurial 7';ypc.—Thermometers 
of thesc^types illustrated in Figs. 201 and 205 are capable of working continuously 
at temperatures ranging from 40" to 1000" F. The principle of operation is as 
follows : The steel bulb of the instrument which may be plain, as in Fig 205, or 
^'ith screwed fitting, as ift Fig. 201, is comuu'ted by means of steel capillary kibing 
to a jjpecial form of Bourdon jjteel spiral. 'I’lie whole system is tilled with mpreury, 
and changes of temperature of the bulb give rise to corresponding changes of 
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pressure it the system, and consequently to small movements of the Bourdon spiral, 
' .which arv niagnihed and recorded or indicated by the usual pen or pointer mechanism. 
The ‘flexibfe'stepl capillary tubing may be of any length up to .50 ft.; where only a 
.short length of capillary tubing is required, this may bo> enclosed in u rigid stem 
if desired. 

• An electric alarm attachment, by which a bell is rung if the temperature exceeds 
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or falls below a certain predetermined point, may be fitted to these thermc.meters. 

The Fery Radiation Pyrometer. -Yot the measurement of very high temperatures, 
as for instance furnace temperatures, the best apparatus is the B’ery radiation 
pyrometer, which is illustrated in Fig. 206. " ^ 

With this apparatus a telescope is focussed on ,the "hot body, the heat .rays 
being received on a concave mirror and brought to a focus on a small thermo 
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^couple. The .electroviotive force produced by the consequent heating at one 
junction of,the thermj) couple is measured on an indicating or recording galvano¬ 
meter, calibrated to give direct readings in teinjierature. 

For ordinary boiler house operation, it is unnecessary to measure "the furnace 
temperature, and useful as this instrument is in boiler house practice it can have 
Hut a very liftijted scope;. 

Steam Meters. -Meters for the continuou.s indication of the How of steam 

• t 
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through steam mains or branches are now being widely used in electric power 
stations, and also by other large steam users. 

Wlien a steam flow meter is used in connection with each boiler, a convenient 
means is provided for determining and regulating the output of individual boilers. 
iSteam meters are made in three types: (1) The rate of flow indicator, for 
showing the amount of steam passing at any time; (2) the recording' type, 
giving a diagrammatic chart of the flow of steam continuously, also showing 
variations in the flow; and (3) the counter type, giving, in addition to the rate 
of flevt" at any time, the total quantity of steam pa.ssed,' by means of a counteK 
devidfe.T If desired the functions of all three types ivay'lie combined in a single 
meter. , 
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Kent's Steam Meter.— Kent’s steam meter, which is ma^e in a.\\ thr^ tyi>es 
as mentioned above, or of the combined type, is on the differential pressurp .principle# 
A carefully calibrated orifice is placed in the pipe line, pressure tub^s (fti*either side 
communicating with the indicating or recording instrument. 

The fimction of the orifice is to establish a difference in pressure on opposite 
sides of the plate, the size of the orifice openings depending upon the niaximunf 
velocity of the steam in the pipe, which has to be measured. 'I'he rate of flow 
indicator depends for its action uport the mftvcinent of a rubber diaphragm A. under 





I'm. 2d!>. Kent's Pkkssi he (‘oKHEn Kh Tvi’E tn-' Stka.m Ki.dw 
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tliu inihuMK-e of variations in the diJlVreiiee of inessure on its op|)osite faces, 'flie 
faces on opposite sides of the diaphragm A are in communication by means of the 
passalits BB^witli the .sides of the orifice ])late in the steam pijie. A set of three 
coiled springs conti’ols the movement of tlie diaphragm, w'hich is communicated 
to the stjindh^ I) through rods, and a, bell crank (!. I'his spindle carries a powerful 
magnet E. Outside the casi? and in line with J), there is another spindle G, carried 
m jew’ellcd bearings, to whicdi is attached an iron armature H and the pointer J. 
In tliis way the moveineift of the diaphragm is transmitted to the pointer, without 
it being necessary to makeia w^itcitight rotating joint, an exact register of th« iftost 
minute, movements being obtained. The graduations of the dial over which the 
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pointer Works can be made to show the quantity of steam passing at any predeter- 
‘ mined pressure and temperature. 

The ibtUiin^ent described, which is shown in Fig. 207, is the simple rate of flow 
indicator, not corrected for variations in steam pressure, .and steam temirerature 





..... : I 



Fig. 210. —Kent’s Steam Fuiw KEcoRnER, mounted 
ON A SlX-WAV SMircHBOARD. 


(when indicating superheated .steam). The recording instrument and also the 
countter type of instnmient are both made with or without automatic pressu^ 
confection gear. . 

In .Figs. 208 and 20!) re.spectively aic shown Kent’s non-pressure corrected 





STEAM BOILEil AND BOILEtl HOUSE EQUIPMENT 349 

$ 

type of steam flow recorder, and the pressure corrected ^pe of recpr/er with 
integrator. * ^ « 

With a view to encouraging the more extended use of'stejm flow indicators 
in connection with individual boilers a new steam flow indicator of a cheaper type 
has recently been introduced by Messrs Kent. This instrument is similar in prin¬ 
ciple to that already described, its action depending upon the dilfere;itial pressure 
set up by a calibrated orifice plate in the steam main, which acts'upon a spring 
controlled diaphragm witliin the body of'the meter, the motion of the diaphragm 
being communicated through a gland to the pointer. If desired thij> indicator may 


r 



Fm. 211.—WiiKiiiTS Ciimhinei) IsDicArixc anh KEcoKru.si: Steam I’hessi'bb 

(lAVOE. 


be used with a switchboard, and connected to a number of boilers as shown with 
the steam flow' recorder illustrated in Fig. 210. 

Steam Pres»ure Recorders .—For tlie continuous recording of the steam prcssuie. 
either in connexion with individual boilers or a range of boilers, the steam pressure 
reeSWer a§ords a continuous check upon operation, and as such is exceedingly 
usefuh Fig. 211 illustrates a combined indicating and recording steam pressure 
gauge jiade by Messrs Alexander Wright & Co., Ltd. 

l%e Cambridge Steam Pressure Recorder. -The. (Cambridge steam pressure recoidcr 
is illustrated in Fig. 212, the construction being as follows:— 

, A Bourdon spiral i#connected to a union by means of which it can be attached 
to ^ copper ti^be taken fr«*tn ^he position at which the temperature is to be mpasured. 
The movements of the Bourdon spiral are communicated to a pen arm, which moves 
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over a «^r^iilar sheet (graduated to show pressures or vacua, and rotated by a clock 
mechanism. ' ' 

Thesl'co^corders are made for any range of pressures up to lOOB lbs. per square 



Kii;. 212. 'I’lir. ('AMiiuiiiiiK Sr|AM I’usssrHB 

15 K< OHI)K:t. 

inch, and are mounted in du.st-tight metal ca.ses, with uicikel plated fronts, and 
provided witli a lock and key. 


CHAPTER XTV 


. BOILER HOUSE CONTROI. AND THE TRAINING OF 

BOILER FIREMEN 

Having in mind tho importance of the- human factor in the'fiiinf' of steam boih'is, 
it is a matter for regret that greater facilities liave not been provided for the 
education and training of firemen. Efficient operation of plant is necessarily based 
more upon the human element than any other factor. The most comjilete and 
■satisfatdory plant, installed regardless of expemse, will only show a working efficiency 
directly proportionate to the olHciency of its operation. 

,^'o a large extent unfortunately the firemen has been left severely alone, his 
method or lai'k of method has received but scant attention. Too often all that is 
looked for is a sufficient su|)ply of steam at the desired jiressure. apart from any 
other consideration. 

Not only have the training facilities provided for finmien been altogether 
iuade(|nate, but there has been and still is a disposition to regard boiler firing as 
unskilled work, and the boiler house as a jiait of the establishment where monev 
<'an be. saved by (miploying unskilhHl or casual laboui’. 

Without training faciliti<‘s, without any gimeral reiaignition that cffici«nit firing 
Gemands exj)eiience and skill, without inmdi suitable or helpful literatun-.^ to 
a large extent the man who has taken up boiler firing as an occupation has had 
to laboriously work out his own salvation, usually at a very heavy cost to his 
employers. 

The .steam user, for tin; most part unfortuuatcly unconcerned with (juestions 
of fuel economy, and mainly desirous of having an ample supply of steam, has to 
a very serious <5xtent failed to discriminate between the man who is merely able 
to shovel coal and a fireman. 

The well-known fact that the thermal efficiency of hand fired boihws is usuallv 
very low, is mainly due to the. very (!xteusive employment of unskilled labour, and 
also the general lack of organised and effective control. 

•N.ijt only are firemen responsible for a grievous waste and inefficiency inastmich 
a.'? they are directly concerned with the handling of the fuel, and the operation of 
furnace.-^ but those who fail to supeiwise, contntl, or even to intelligently intfU'est 
themselves in boiler house o])eration, are inimarily to blame for the existing 
conditions. 

'I’he vital importanc/i of effective supervision and control was very clgarly 

^ An excellent handbook fci'i rirenicn was ]mbliHh<Hl in 15)20, see “The Fii'onian's Handbvol^aiid 
Ouido to Fuel Kconomy,” by Charles F. Wade, A.M.I.Abf li.K., A.AI.I.K.K. 
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recognii^i^ by H.M. Fuel Research Board, who in their report for the years 1918 
and 1919,^ nidde the'following observations;— 

“ Aii/rsnch prog«amine should deal first with the prevention of mere reckless 
waste, which invariably tends to develop in all works, ujjless there ij continuous 
skilled control. Even in works which are in other respects well managed, actual 
,wa8te of coal at furnaces, and steam at every point in a distributing system, always 
grows rapidly but unnoticed, unless it is the duty of some one overseer to watch 
the consmnj)tion, and to keeji daily records of cpal received and heating work done. 
... It cannot bo too .strongly urged that the establishment in every large works 
of an organised fuel control, is»the only sound foundation on which to build more 
revolutionary or further reaching methods ox fuel economy.” 

In some of the larger works in this country, and to a far greater extent in the 
United States, boiler hoirie or combustion engineers have been appointed, whose 
responsibility is limited to the selet^tion or purchase of all coal, as also the super¬ 
vision and control of the whole of the plant and labour in any way concerned with 
its handling and utilisation. 

This would a])pear to be the only practical method by which the cxijsting 
cond'tions can be substantially improved, and it is not too much to .sty that in the 
case of every works or factory u.sing not less than 100 tons of coal per week, the 
introdiution of such a system of control would effect a very cotisiderable saving. 

It is assumed that in connection with any such appointment the boiler house 
engineer would be given complete control, that he would be permitted to at any 
rate select the fuel to lie used, as also the apparatus for its utilisation, and that he 
would engage and have authority to dismiss the boiler house .staff. He would keep 
close and continuous records of operation, and wordd be required while meeting all 
demands for steam, to justify his apjiointment by economies effected, and maintained, 
in boiler housi^ operation, which would cover not oidy the actual cost of the coal 
used, hut every contingent cost in its handling and utilisation. The boiler house 
would to all intents and purpo;:es be treated as a separate undertaking— a factory 
producing steajii. 

It is becoming increasingly evident that the old system of making one engineer 
responsible for tin; production and use of steam, as also for every trivial detail in 
plant maintenance, is under existing conditions an impossible system. 

Under any satisfactory system of boiler house control on the lines indicated, 
in 1 he careful selection of the boiler house staff cheap labour as such would have no 
part. Creater intelligence, experience, and interest, would be required and paid 
for. A better class of mini would be attracted to work which would be regard.!d a.s 
demanding not only muscle but brains. The status of the fireman would be greatiy 
imjrroved, to the advantage of both employer and employee. ' 

To the steam user such a sy.stem offers an improved thermal efficienc)', a con¬ 
siderable economy, not only in the cost of fuel but in plant maintenance, an increased 
efficiency in labour, and greater reliability in operation. These are all points wliich 
empha.sise the importance of divided control, to the extent of making one engineer 
* Seo Reprint of H.M. Fuel Renearch Boaixl, 1918-1919, page 4. 
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responsible for the efficient generation of steam, and anotliei jengincer nj^j/nisibh^ 
for its efficient use ‘ 

No one has a gi-eater admiration for the works’ engineer (dian the»a<Mior, ^nd 
while in this»country we'ibnibtless have some of (he best qualified works’^ engineers 
in the world, their training has been such that they have not had opportunities of 
concentrating or specialising in fuel and combustion problems, while the juultifarioiis, 
nature of their duties too often prevents them from devoting close attention to the 
’boiler house, u-here, if Qmc is lo he my organised and e/^xiive ecoming, it. must begin. 

Many works’ engineers are unable to obtain the jdant they ^^’ant^•and they an* 
also compelled to accept and utilise hyjour of a gnule which lliey do not want, 
because it is supposed to be cheap. 

That the system of undivided control has been and is unsatisfactory is shown 
by the low thermal efficiency of steam generating plant, the wasteful use of steam, 
the appalling avoidable waste of industrial coal, tln^ inefficiency of labour, and t in* 
high cost of maintenance. 

Manufacturers of boiler Kbusc ])lant, such as, for instance, mechanical ^itokers. 
furnaces, and coal and ash handfing plant, aic^ usually required to give string(;nt 
guarantees as to performance. To a serious e.vtcmt such plant is operated by 
unskilled labour, too often with little or no elfectiv(' supervision or control, witli 
the result that well designed and ex-pensive plant is not operated fo advantage. 
av('rage working residts aie disap))ointing, the plant is unreliable, and the cogt of 
maintenance excessive. « 

For these conditions it is not usually recognised that unskilled labour and lack 
of control arc primarily responsible ; instead the manufacturer of the plant is blamed, 
>nid the plant is condemned as u.s(dess. In the stre.ss of competition manufacturers 
of boiler house plant have given, and still continue to give, guarantees as to per¬ 
formance without dim regard for the conditions under which the plant has td 
operate. There has been an unfortunate disposition upon their jiart. to ignore or 
belittle the importance of skilled labour in tin; boiler house, and to no small degree 
have they by their attitude contributed to the present position. 

The high cost of maintenance of mechanical stokers with internally tired boilers 
is primarily due to neglect, and not to inherent defect.s or weakness in design or 
construction. Similarly, the unsatisfactory results so frequently obtained are 
maiidy due. to impropi'r ojxnation and lack of adjustment, without adeipuite su])er- 
vision. The only concern is to maintain the required steam pressure, which is often 
accomplished with much unnecessary and misdirected energy, and with little or no 
regafil rfor cost. 

In a carefully supervised boiler house whh proper ojieration, and regular and 
systemai^s inspection and maintenance of all jilant, it is no exaggeration to state 
that in many cases the co.st of maintenance could be reduced to the extent of 50 
per cent., to say nothing of the great advantage of ensuring the utmo.st reliability 
and continuity in operatioti. , 

Under existing cSnditjjins not only is the jiosition of the W'orks’ en;tii>eer 
trequently exceedingly unsatisfactory, but the apathy of the proprietor, or directors, 

z 
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and tht^ir^ttitude to|f'ards the use of unskilled labour is to a serious extent responsible 
for thcfr constant complaint concerning the cost of fuel and maintenance. 

' So irfng as men are employed who are merely able to throw coal through a 
lire door opening, or into mechanical stoker hoppers, nu«i with°no ex[)erience or 
conception of what is involved or required in the efficient and economic use of fuel, 

, it is hopeless to look for any material improvement. 

The autlior is not entirely oppo.sed to the u.se of unskilled labour for firing ; on 
the contrary it is realised that the untrained and unskilled man, with no bad habits' 
or preconceived ideas, in short, with nothing to unlearn, can often be so trained as to 
become an expert fireman. What is so geijerally lacking is the necessary training, 
advice, and supervisidn. The boiler house, sometimes termed the “ stoke hole,” 
is treated as a place to be avoided, or but rarely \nsited, the centre o^ dirt and 
di.scomfort. ^ <■ 

In the Pinal Kepoit of the (Committee on Smoke and Noxious Vapours Abate¬ 
ment, 1021,* attention is thus directed to the necessity for the training of firemen - 

^ It is generally admitted that unskilful and negligent stoking is responsible 
for a considerable amount of unneccssjiry smoke wliich is emitted. r 

r In some cases municipalities, smoke abatement societies, and‘ pri\'ate firms 
have instituted technical classes for the instmetion of stokem, but generally speaking 
too little attention has been paid to tins matter. 

We have been informed by stokers themselves that they would welcome 
instruction that would enable them to acquire increased knowkalge and ability to 
jjerform their duties more efliciently. We have heard of classes which have met 
with great success, and we think it would well repay manufacturers and local 
authorities to give more attention to the training of stokers. The manufacturer 
would be benefited by the economy in fuel which Avould result from better stoking, 
and the community woidd be benefited by a reduction in the amount of smoke 
emitted. Stoking shoidd be regarded as a trade, skilled and paid as such.” 

Having in mind that industrial works contribute heavily to local and education 
rates, it would appear to be a sound policy for technical education authorities in 
important indicstrial areas to actively take in hand the provision of technical 
instruction in firing and the use of fuel. Many subjects arc now taught in technical 
institutes for the, benefit of a favoured few at very considerable cost, the necessity 
for, and importance of which, cannot in any sense be compared with the national 
importance of efficiently using coal. 

It has been argued that the training of firemen is not the legitimate concern of 
local technical education authorities, and that it should be left to the manufc.cturer. 
It is just as reasonable to argue that all technical instruction should be the respon¬ 
sibility of the various industries concerned. The purpose of a technicaj^ institute 
is to provide the best technical instruction possible, always having in mind the 
nature of local industries and local industrial needs. In all important industrial 
centres a real want would be met in the provision of the be.st possible technical 
instruction in boiler firing, and there is but little douljt tluft manufacturers would 

■ .See Pinal Report, Committee on .Smoko and Noxious Vapours Abatement, 19^1, page 7u. 
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not only encourage such provision, but would also render muci^ practical f^sj&tance 
towards ensuring its success. 

In order to be effective such instruction must be both theo'fetigal aad»’]^actfcal, 
and the course should emKjdy elementary instruction in the principles of copibustion, 
as also methods of firing, both by hand and machim!, smoke prevention, the com¬ 
position of the gases, and the use and object of essential boiler house mstruments. 
The course should cover at least two sessions, elementary and advimced, and a 
certificate of proficiency should be awarded*to those who comnlete the course and 
who are successful in satisfying the examiners. 

If such a scheme were generally ad(jj)ted in industrial areas, m a comparatively 
short time there is but httle doubt that a considerable proportion of firemen would 
hold certificates, the status wo\dd be materially improved, and qualifi(^d men would 
gradually displace untrained men. By combination, boilei*fiTing would of necessity 
be (piiekly regarded as a skilled trade, as it umiuestionably .should be. 

AVhile very encouraging re.sults have been obtained by the individual efforts 
of some engineers and empibyers, the only hope for improvement upSn any 
consirierable scale would appear to be on the lines di.scussed. Mr W. M. Miles, 
A.M.I.Mecb,E., F.C.S., of .Sbeffield Corporation Electricity Department, stated in 
a paper ^ read before the Incorporated Municipal Electrical Association, that “ as 
the result of a series of Icctunw which he delivenid to firemen and tirewomen during 
the W'ar, there was a gradual increase in the boiler efficiency of fro!n f!8-01 to 73,and 
74 per cent.” « 

Early in 1920 The South Metropolitan (las Company, London, started a boiler 
house school for firemen, with a view to j)roviding a complete practical training 
course. Every boiler fireman had to xmdergo a course of about two weeks’ practical 
training in feeding and clinkering boiler fires. 

One boiler house was eqiuppcd with all the nece.s.sarv apparatus for the measure^ 
ment of fuel, water, and draught. (JOj apparatus was also installed in order to 
continuously determine the composition of the gases of combustion at various 
points in their passage. 

The boilers in this house were kept on their ordinary load, so that all ascertained 
results were those obtained under ordinary or normal xvorking conditions, as distinct 
from test conditions. Each delivery of fuel to the boiler house was .sampled and 
tested, in order to determine the calorific value and percentages of ash and moisture. 

Careful records were kept of each day’s operations, and it was reported that as 
the resxilt of the training there was a distimt and steaxly improvement in xvorking 
eflicieh#y. It was found that the men took a keen intere,st in the resxxlts obtained, 
and readily adixiittod that their work was less arduous. 

The'mterjxrise of The South Metropolitixn Oas Company in tlixis training their 
firemen is to be commended, particularly when it is borne in mind that the fuel 
used is not an expensive coal, but coke breeze. The training given has served to 
emphasise this very impoftant point- -that the man who uses his brains as .well 
as his shovel has less work do than the man who wastes fuel. 

* ♦ * . * 

^ »Sco Proceedings of the Incorporated MnniciiMtl Electrical Association, July 20th, iy2L 
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Afc vntiained a^id iiiexpcTienccd fireman must inevitably work harder, owing 
^to niisuii(^cted effort, than the trained man who is able to evaporate an et|ual weight 
of \VateAm a ^iyen time with considerably less fuel. 

'I’raining is essential because imder such conditions «s now obtaki the use ot 
common sense is of vastly more importance and value than misdire.Cted mu.scular 
.energy. Ajwrt, however, from the cpiestion of training, it is V(uy desirable to 
provide somi incauitive in order to encourage intere.st and sustain effort. Many 
bonus systems hav(! b('eu tried, but it cannot»*be said that any one of'them has"^ 
been altogetljer succ<wsfiil under the moi-e or less varying conditions which are 
xtsually experiencecl. No boittis .system ],ias yet been evolved which, under all 
conditions, has worked out fairly to both parties. Systems have, been tried which 
have, under certain conditions, operated unfairly against the employee, other 
systems liave been, abaiftloned becaus(! it was fliseoven'd that they were open to 
abu.se. 

It is of the utmost im])ortan( e to secure and retain the confidence of the fireman. 
To thifJ end no iirstrument or apixaratus installed Ih the Imilei' house should be 
l)crmitted to remain a mystery to the fireman. So far us is practicable he sXoxdd 
be instructed and brought to realise the principle of the apparatus,' the object of 
its provision, and the im])roved Jesuits which it is intended to make possible. 

It is only along such lint's that <to-operation and interest can be secured. If 
the /nil value is to Ijc obtiiined out of such apparatus as may be installed, this will 
not be accomplished by allowing any impressionito exist that a particular instrament 
is merely a “ tell tale,” l)ut rather by satisfying the fiieman that the improved 
Jesuits which may be obtaint'd will lx; to his advantage, as well as to the advantage 
of all concerned. 

If. from the point of view of stnoke abatement, the training of firemen is 
impojiant- and no one will jlispute this-theii it may be said that; a complete 
change in the exi.stijig juethods is also of impoitance from the standpoint of 
efficiency in .steam geneiation and also coal conservation. 

Until it is clearly lecognised that training is essentiid, and until steps have been 
taken to provide suitable training, there can be no considerable advamaj in the 
efficient operation of st(am boiler installations. 

In advocating impioved methods of steani generation, and the adoption of 
appaiatris and accessork's for leducing or ehminating avoidable waste, it is necessary 
to emphasise the importance of new men as well as new methods. 

If a more extended usjj of low grade fuels is to be made the (juestions of effective 
control and the employment J)f skilled firemen must be regarded as essyntiaKactoiu. 
Such fuels will not be used upon any coasiderable scale xvithout clo.se supervision, 
and the employment of skilled labour. The unskilled and iiu^omjjetent wil^'continue 
to inisist that steam cannot be maintained with jiny fuel but the best, no matter 
w'hat apparatus is provided. 

.There are signs that in the near future facihties will <be provided in some of the 
provipcial industrial centres for the training of fireipen. The (juestion is now 
arousing unuusal interest, and it is likely that, pending legislation‘in regard to 
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smoke prevention, it will not be without effect in compellingfthose responsible to 
take action. 

, Wlien it is borne in mind that in a country such as Hollaiwl., hhfi^g but a 
comparative^ small industrial coal consumption, instruction lor* firemen, has Ix'en 
provided for the past fifteen years by Government ordei', it must be admitted that 
we have been tardy in our recognition of th<! <!ssential condition for^oilcr house* 
jefficiency I skilled operation. 
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brown. See Brown Coal 
handling. See Handling Coal 
measuring, 135, 307 
Ix^a eoal meter, 307-308, .309 
output in various countries, 6, 7, 27 
re.servea in various countries, 8, 10 
sub-bituminous 
analy-ses of, 9 
charactcAstics of, 9 

waste and low-grade. gasiHeation of. ^See 
Producers 
Cobb, 11, 358 

Coffee Husks, as fuel, 185, 180 
Coke- 

ashes of, recovery of fuel from. See Fuel 
Rceoverv 

out()ut in Germany. 27 
Coke B(eeze- 
analjves of, 82. 8.3 
boiler'ests with. 84-80, 89 i(2 
calorific value of, 83 
mi.xingwith bituminous slack, 92 
moisture in. 83 

rate of combustion in furnaces. 84 
size, 82 

steam generation with, 83 9.3 
Colliery Wa.stc 

analyses of, 1.3, 14, 17 
boiler tests with, 1.5-18. 29 23 
calorific value of, 13, 14 
kimts of, 12 

steam generation with, 12 25 
Columbus, coke separator, 1.57-159 
" Compres.scd Fuel.” See Briquettes 
(tonveyors. See Handling Coal; Handling 
Ash and Clinker 
(tornish boilers, 214 216 
Cotton Seed Cake, as fuel, 188 
Coulson, pitn ash washer, 159 162, 

Cro.ssley-- ■ 

(x‘at-Hred (rrodueer, 74, 76 
wood-fired (iroducer. 178 182 
Cumix-rland, blast furnace gas burner, 193- 
194 


Darlmg, 41, 4.3. .358 
Davies, 132,,^j3'(P 
Davis, 358 
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Destructors— 
air supply for, 108-1<H) 

• charging, 97-104 
by hand— 
backsfecd, 99, 100, 
front feed, 99, 101 
top fe^, 97 99 
. mechanically— 

(wntainer feed, 102 -109, 105, 100 
s^p feed, 104 
clinkering, 105 108 
floors, 121 

trough gaU*, 107 108, 109, 110 
combustion chambers for, 96 
coniintious grate ty|K*, 96 
description of, 95 
drying hcarthH for, 97, 99 
dust interception chambers for, 96 
earliest forms of, 95 
forced draught, 95 
“ fume ci*emat()rs ” for, 95 
grates, flat, 101, 107 • 

trough, 100, 107, 108 
Heonan &«Froude plant, 98 110, 121 
muniei^xil ojieration of, diagrams, 116 
regenerators for, 96, 1(»8 
steam generators for, 96, 109- 111, 121 
steam pressure diagrams, 118 
steam tomperatuie diagrams, 119 
tests with. 119- 120 
Oiagranis 

burning of towns* Refuse, 116 
chimney loss, 279 
combustion losses. 272 
results obtaiiK<l with (t.H. ])roduccr, 211 
steam pressuiv, 118 
steam temiX'raiuR. 119 
variation in eomjK)sition of lignite, 45 
Dick, 959 

Dowson, hiUiminous producer, 196, 198, Itf9 
Draught gauges. »SVc IVsting Instruments 
Dry Ikick boiler, 21K 219 
Dryers— 

for higii-nioisture fuels, 29 90, 58 60 
Johnson rotary, 151 
Underfeed Stoker Co.. 58, 60 
Duplex, mono automatic gas analyser, 9)19 -994 


Kclijwe Peat Co., 74--75 
Kconomie boiler, 218 219 
^Elevittors. Handling (‘oal; Handling Ash 
and ( linker 

KritlPlJoc, multiple retort stoker, 245- 248 
Evaiif^ 159. 959 


Feed Water 

automatic Regulation off 286 
Kational circulatot*, 289-290, 291 
drculating, 289-290 
henling^87 


' Feed Water— 

heating —continued 
Green’s fuel economiser, 287^-289 
Holden & Brookc’s^iigli^vfldl-ity exhaust 
steam feed waicr neater, 2tK)-292 
saving elTcetcd by, 290 * 

with exhaust steam, 290-292 
impurities in- 
; corrosiv(‘, 289 

scale forming, 2S9 
mealJUrcHient of, 292 299, 921 
Kent’s uniform po^Stiveyvater meter, 2}t9 
Kent’s Venturi water nfvter, 299-294 
Ijea*V notch Recorder, 294 296 
Ijcinert water meter, 297 298 
Yorko weir water meU r, 296-297 
oil elimination from, 285-286 
softeners for* 

Boby HofleiM rs, 284- 285 
Kernald, I, 958 

Fery, radiation pyrometer, 944, )146 
Fliemen, training of, 951 957 
“ FIr^ Kegulatoi’s,” 226 
Firing— 

air supply for, 266 267 
by hand— 

alternate firing, 260- 261 
coking system, 261, 262 
general, 259 260 
rakmg and slieing, 262- 269 
ril)bon firing, 261 
sid# firing, 260 261 
sjweading, 261-262 

meehanieally. See .Meehanieal Stokers 
Sandwich system, 92, 255-256 
Flue Gas— 
analysis of, 926-92H 

indicating and recording CD^ in. *SVe Test 
ing Instruments 

“* F *’ multiple retort stoker, 250 252 
Fowles, 190 
; Fryer, 95 

Fuel Keeovery from waste fuel, ash and clinker 
dry processes— 

magnetic separation, 169, 169-171 
screening and sorting, 171 172 
wet proeesses- 

Cohimbus coke se|wralor, 157 -159 
Coulson pan bRC/e washer, 159 162 
Meguin ash washer, 162-167 
Notanos pan ash waslier, 166, 167-169 
Furnaces— 

air heaters for, 275-289 
air supply to, 269 272 
heating, 59, 60, 275 279 
advantages of, 277 
boiler tests with, 276 
loss due to excess of, 266 267 
arches for, 59, 64 • 

ash and clinker, removal from. AV^Hand- 
j ling Ash and Clinker • 

balanced draught, 279 
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Furnac('a--c^.«<{«^€rf 

^‘liming— * 

coko bre^jze, 84-iU 
lignite jfnAi isrrowHsCOu‘1, aT- 04 
low-grade fuelj3, HH -4, 25 
]>addy huHks, 187 
wood refuse, 177-178 
jchimnoy draught, 270-272 
chimney loss,^l, 273 
cleaning, 203-204 
bailie bridge for. 2()3 204 
combustion apj^e oil 207 
eompj'esHed air,V32, 2#J0 
lirebars for, 35, 51, 53 
firing. See Firing 

fine gas, analysis of. Scr 'I'esting Instru¬ 
ments 

forced draught, 273 , 

dallagher & (’rompton's bailie Inidge for 
cleaning. 203 204 
grate a^ea of, 10, 24, 25, 204 2(>0 
(Ireen aif heater, 270 
hand-lired, 250, 257 250 
cleaning, 203-204 
grate area of, 204-200 
hand-firing. *SVc Firhig 
handling coal for. See Haiidlhig Coal 
Howden Ljungstrom air heating system, 270 
induied draught, 272-273 
nioasiiring coal for. See Coal 
natural draught, 270 272 
l*rat indiieed draught, 273-275, 282, 
pre-drying of fuel for, 58- 04 
pulv<Ti.se<l fuel for, 04, 05 
pyrometers for. See Testing Instruments 
rate of com bast ion in, 84 
steam jet blower, 87 88 
stoking mechanically. See Mechanical 
Stokers 

suction draught, 272-273 

tcnifH'ratuie of, reeorduig and indicating. 

See Testing Instruments 
'rhenni.K air heater, 280-283 
Tseo air heater. 270-280 


Gallagher & Crompton, bailie bridge for clean¬ 
ing fires. 203-204 
Gas, lignite, 43, 45 

blast furnace gas. See Blast Furnaet* Gas 
Gasification low-grade and waste coal. See 
Producer.s 

Gauges, pre.ssure. See Te.sting Instruments 
Goodrich, 00, 102, 350 
(treen, fuel economiser, 287-280 
‘* O.K.” gas y>roducer, 200 212 


Haancl, 35, 67, 68, 77, 78, 358 
Hall, 350 

Handling Ash and (linker— 

Bennis bucket and elevator, 313-314 

% 


Handling Ash and Clinker--conftwwcd 

Ikumis pneumatic ash removal plant, 309-312 
Bennis steam suction ash (^pnveyor, 311-313 
bucket, elovatom for, 313-314 . 
general, 308-300 ** 
pnenmatie systems, 300-312 
steam suction conveyors, 3l2-b]3 
steam suction sj^tenw, 300-312 
C.seo ash conveyor, 314-315 
Handling Coal— 

baiulConveyors for, 303-305 
Iannis band conveyor, 304, 305 
Ikmnls bucket elevator, 301-302 
Dlmnis gravity bucket conveyor, 303 
Bennis ])ortable bucket elevator, 303, 304 
Bonnis ram wagon tit)per, 300 
Bc'unis rotary wagon ti])i)ler, 307 
Bennl.s steel link conveyor, 300 301 
bucket elevatons for, 3()1 -302 
general, 300 

gravity bucket system for, 302 303 
pncuiiuitic s^'sk'nis for, 305-300 
p»)rtal)le elevators for, 303 
steel link conveyors for, .3(M) 301* 
llausding, 07, 358 

Hay, diltereidial draught gauge, 330 
line gas analyser. 328 320 
multi-jioijit draught gauge, 34(t 
vernier draught gauge. 330 
Hays, 318 

Hoenant^. Froude, destructors, 08-110, 121 
HendersVu, simplex mechanical stoker, 175-170 
JlcrdsmaV, 134 
Hoadlev, 275 

Hodges, 3. 7, 358, 350. 300 
Hohlen Brooke, high velocity exhau.st steam 
feed water hcat< r, 2IM)-292 
Hoo\er, 3 

Hunter, blast funnue gas lairner, lt>4- 195 


Indicators, COj,, temi)eratiircand pivssure. See 
Testing Instruments 
Izart, 278, 300 


.lakobson, field press, 72 
Jevons, 0 
dolinson— 

briquetting xdant, 148, 140 
revolving table measurer, 151 
rotary dryer, 151 « , 

vertical table lectangiilar bi'i<pietting ju’css, 
150 

Juckes, 230 


Kent, steam How recorders, 345, 340, 347-341 
uniform positive later meter, 203 
Venturi water meter, !i03-204 
Kerj)ely, revojvi:-^^ grate produwr-108-203^ 
Kru]>p, magnetio .sei>arator, 170, 171 
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f^ncashire boilers, 216-217 
^ jine , 3. 358 

woa, coal meter, 307-308, 301) 

* V notch recorder, 294-206 
jeeds Briquetting Works, aiTangeinent of plant, 
14f 

^inert, watei^ meter, 207 208 
jcwes, 2 358 


Jgnito^ 

ahalws 


of, 27, 34, 35, 40, 41, 44, 51, 55, 56, 


aslies of, recovery of fuel fiom, 

Recovery 
Australian, 44 54 
“ black,” 0 

lK>iler tests with, 36-37, 61 

briquettes of. See Bri<juettes, Lignite 

briquetting. Set Briquetting Lignite 

British, 26-27 

Canadian, 32 40 

carbonised, 34, 38, 42, 43 

characteristics of. 0, 26 

drynig, 20, 30, 58 6t» 

l^r lirhig cement kilns, 45 

gas from, *^1, 45 

(Icnnan 

briquetting, 30, 31 
drying, 20-30 
mining, 28 20 
[)roduction of, 27 

improvement of heat value l)y l)»‘i<pietting, 42 
mining, 28-20 j 

New Zealand, 55 56 / 

output of, in various countries, 26,^27 
products of carbonisation of, 43 
pulverised, 41, 42, 61 

steam generation with, 32, 35-37. 14, 57-65 
United States, 40-43 
utilLsai ion, 41 

variation in ((unposition with depth. 45 
Linden, ter, 10 


Magnetic Sc])aration, of waste fuel, 163,160-171 
Mahler, homh calorimeter, 324 
Measuring— 
coal, 135, 307 

feed water. Set l‘Vcd Water 
Lea coal meter, 3t)7 .308, 300 
Mechanical Stokers - 
air supply to, 2.53 

application of Sandwich system to — 
chain gtale stokers, 255 
qnderfeed stoker, 256 
application to— 

(lincashire lM)ilers, 220-230, 232, 230, 257 
water-tulxi boilei's, 243, 247, 252, 257 
Babcock & Wilcox chain grate, 230 
Bmiiiis— 

'diain grate, 242, J43 245 
stoker links, 244 ^ 

-•oking#to1ter, 231-233, 


Mechanical Stokers —^nlinued 
BeniiLs —continued • * 

sprinkling stoker, 237, 230-*^ 
throwing l)ox.v2‘^« 
coking stokers, 231 
cost of, 228 220 
disadvantages of, 226 220 
early ty|X“s, 230--23I 
Erith Rw nudtiplo retort, 24I)-218 
tin; door of, 254 ^ 

“ V l^jnulliple retort, 250 252 
fuel seleofion for, 226 ^28 
handling coal for. See Ha/dling Coal 
Henderson's Simplef, 175 176 
Hodgkmson, 23i 
hydraulic motors for, 254 
.)u(*k<*K chain grate, 230 
mi*astiring coijl for, NfYMV)al 
Meld rum, 231 » 

|)eat4irc(l, 80 
i»luto,252 255 
air supply to, 253 
lliv <loor of, 254 
hydraulic motor of, 2.5 1 
Proctor sprinkler, 231, 236, 238 230 
retort stokers, 245 
Riley multiple retort, 218-25t) 
self-contained im{K*lled dranglit travelling 
grate, 240, 241 243 
.sprinkling stokers, 231 
IViumph sprinkler, 231, 234, 235, 238 
Undei feerl Stoker Co., 80, 211. 2.50 
Vicar>^, 231 

Megasse, as fuel. 180-190 
Meguin 

ash washer, 162 167 

combined ash washing and hri(|uctting ])lant. 
164 

waste fuel briquetting ])ress. Itl5 
Miles, 355 
Mills, 120 

Minijfg, brown coal and lignite, 28-20 
Moore, ]M*at spreader, 72 
•Morwell brown coal, 47-50 
boiler tests with, 50 53 
electrical do\e!opment of, 53 
Myres, 5 


National, circulator, 280 21K), 201 
Nicol, 01, 02 
Nimmo, 2 

Notanos, pan ash washer, 166, 167-160 


Orsat, gas analyser, 328 
Owen, liix'bars, 51, 53 


Paddv Husks, as fuel, 187 
Parrish, 84. 85, 350 
Patent Fuel. See Bricpxottc.s 
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Paxman, Economic boileii, 219 
Peat— c *” • 

Abjom Andersson’s excavators, 69, 70 
'anal^vsis <^tf,74 , 

Anrep’a maccratfr,'?! -72 
blocks, 77 , * 

Imilcr tests with, 79, 8(1 
British, 74 
rCanadiun, 77^78 
comjwsition oft' 66 
deposits in various countries, 7.‘! 
drying, 66-68 
excavating, 69\70 
furnaces for, 79 
gasification of, 74, 76 
tlerinan, 78-79 
Irish, 74-77 

■lakobsoii field press, 72 
macerating, 72 • 

.Moore spnuuler, 72 
Personn’s conveyor, 73 
spreading,, 72 

steam generation with, 74, 76, 78-79 
Swedish, 79- 80 
Personn, peat conveyor, 73 
Pitch, Us bricpiette binder, 38, 128 
Platt, 124 

Pluto, multiple retort stoker, 2.''i2 -255 
Ihieumatic systems, for coal, ash and clinker 
. handling, 30.5 -306, 309-312 
Prat, induced rlranght, 273-275, 282 
Prentiss, 275 

Pressure gauges. See Testing Instrnfcients 
Proctor, .sjrrinkler stoker, 231, 236, 238 -239 
Ih-oducers- 
burning— 
lignite, 188 

low grade and waste coal, 196-212 
peat, 74, 76 

wood and vegetable refuse, 178-190 
Campbell oj*-!! hearth suction gas plant, 197, 
199-200 

Campbell refuse gas producer, 184-188 
Crossley wood-fired producer, 179-182, 187 
tests with, 181-182 
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: Purcell, 67, 358 

; Pyrometers. Sec Testing Instruments 
Rauls, 79, 359 

I Recorders, (X> 2 , temperature and psessure. wee 
Testing Instruments 
“ Rectinite,” 27 
Redmayne, 2 

Refuse Itestructoi’s. See Destructors 
Rice Husks, us fuel, 185-188 
analjais of, 187 

Riley, multiple retort stoker, 248-250 
Rose Patent Fuel Co., lay-out of works, 137 
Roi^enhaui, fuel calorimeter, 324-326 
Ross, 33, 358, 360 

Ruston, ix'fuse gas producer, 182-184 - 

, 8 andwich, fuel blending system, 92, 255 -256 
, iShakesjxnire, 330 
. 8 iinmancc— 

I dead beat hulicator, 337 

patent S.A.W. <! 0 , recorder, 332, 333 
' Smokeless fuel, 155 
Softeners, feed water, 284-285 
Soot Removal - 

I diamond soot blowers, 316, 317-318 
mechanical blower's, 316 
steam larree, 316 

South Metropolitan thus (V),, boiler house 
I school, 3.55 

'■ Spent '1^1, analysis of, 188 
as frreti 188-189 

I .Steam, pressure-gauges and flow-recorders for.' 
I See Testing Instruments 

' Steam Boilers, for utilising low-grade fuel— 

! Babcock & Wilr^ox, 220 
Cochran, 214 

! comparative coat of firing, 91 
Corrtish, 214- 216 
■ dish end, 216 
Hat end, 215 
covering of, 318 
Dry Back, 218-219 
Ecorromie, 218-219 


Dowsorr bitumirrorrs prodtrecr, 196, 198, 
199 

fixed gate producers, 196-200 
Kerix'ly revolving grate producer, 198-203 
Iroiler test with, 205 
for ammonia recovery, 199, 203 
gas analyses with, 204 
rrtechanieal and revolving grate prodneers, 
200-212 

advantages of, 2 (K), 202 
K.(J. producer, 209-212 
graphs showing results with, 211 
Ruston refuse gas producer, 182-184 
•Stein Chapman producer, 206-209 
mechanical agitator for, 206-208 
with'ammonia recovery, 199, 203 
Pulveriscrflignite and brown coal, 41,42, 64, 65 


Essex, 214 

externally-fired multitnbular, 220 
feed water for. See Eee.d Water 
furna'ces for. See Furnaces 
general discussion of, 213, 221-225 
lamea-shire, 216-217 
fiat end, 217 
locomotive type, 220 
Nesdrum, 220 
Niclaua.se, 220 
Paxman Economic, 219 
pressure gauges for. See Testing Instruments < 
scale formation in, 286 
.sotting heights of^257 
soot, removing from. 4 See .Soot Removal 

.214 


■Spearmg, 220 ^ 
.Spencer Hc^rwMod 
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Steam Boilers, for utilising low-grade fuels— 
cojUinned 
Stirling, 220, 221 
•'superheaters for, 290-300 
superheating steiim from, 298-300 
advantdfees, 299 

testing efficiency of. »S'<?c Testing Instru- 
mcnt^ 

Thompon, 220 
type8,\213 
vertical 213-214 
water-tube, 220-221 
advantages and disiulvantages of, 220 . 
direct tube to drum typ, 220 
header typ, 220 
Woodeson, 220 
Yorkshim, 217-218 
iteam Generation, using as fuel - - 
blast furnace gas, liM)-19.5 
brown coal, .'>7 6.') 
coal briquettes, 164 
coke breeze, 83-93 

coke breeze mixed with coal slack, 92 
e~.lliery waste, 12-2.6 
lignite, 32,fl!>-37, 44, 57-65 
pal, 74, 76, 78 80 
suction gas, 201, 203, 205 
towns’ refuse, 113-121 
vegetable refuse, 173, 185-liM) 
wood ri-fusc, 173-185 
Steam I’ips, covering, 318, 319, 320 
Stein Chapman, gas producer, 206-209 • 

.Stirling boiler, 221 
Stokers. Nee Mechanical Stokers 
.Straham, 6 , 

.Suction systcius, for ash and clinker removal, ! 
:i09-312 

Sutclillc, 1.53, 3.59 i 

.Swindlehurst, 113, 117, 359 

Tea Prunings, ns fuel, 185, 186 
Teichmuller, 3.59 

Temprature, indicating and recording. Nee. 

Testing Instruments j 

Testing Instruments— | 

Bristol dial draught gauge, 336 

Cambridge. 

dial draught g.auge, 336 
draught recorder, 336-337 
electrical (lOj indicator and recorder, 330- 
331 

index and recording therinoiuetei's, mer¬ 
curial typ, 342, 343-344 
|X)rtablc and temprature indicator, 

' .‘131-332 

stj^am pressure recorder, 349-350 
thermo-electric indicator, 342 343 
COj Thcrmoscop-, 329 
draught gauges-- 
dial, 336-336 , 

differential, 339 
'Utube*336 


, Testing Instruments—^cowtiuued 

Duplex mono automatic gas jinalyse^, 33ii- .i.i4 
K&y radiation pyrometer, 344, .346 
I Hay’s dilferential draught gau^e^ 339, 

I flue gas analyser, 328 '^3^9' 

! multi-pint draught'gauge, 340 

Vernier draught gauge, 339 
! Kent’s steam flow reeordei's, 345, 346, 347 - 
349 ■ , 

.Mahler bomb calorimeter, 324 
Oi. a I B»s ana lyscr, 328 
pyroinBtt'Ts, 341-342 
Bosenhain fuel calorim’eter, 1124-326 
.Sarco djial draught gouge, :/36 
.Simmanec’s dea<', lx*at indicator, 337 
patent S.A.W. CO, recorder, 332, 333 
steam meters, 346 
pressure rcc.prders, 349 
temprature, mdieeling and recording, 339, 
341 

j I'seo dra'ight indicator, 338-339 
I W.R. CO, indicator, 33-1- 336 , 

Wright’s combined indicating ana* recording 
steam pressure gauge, 349' 

Thermix, air heater, 280-28.3 
Thermometers, inde.x aiul recording, 342’, 343 - 
344 

'rhomson, 38 
Towns’ Befusc— 

Ix'iler tests with, 113, 114-115, 120 , 

eomjxxiition of, 112 
destruetoi-s for. Nee Destructors 
dispsil of, 94 

fuel recovery from. Nee Fuel Recoveiy 
fuel value of, 94. 111-123 
steam generation with, 112-120 
Triumph, sprinkler stoker, 231, 234, 235, 238 


I 'nderteed .‘Stoker ('o.- 
dryer for brown coal and lignite, 60 
“ i'’ ■’ multiple retort stoker, 2.50 
self-contained implied draught travelling 
grate stoker. 241 

travelling griite stokers burning coke breeze, 
89 

Csco air heater, 279- 280 
Usco ash conveyor, 314-315 
I'sco draught indicator, 338 -339 
Csco air heater, 279 -280 
ash conveyor, 314-315 
draught indicator, 338-33!) 


Vegetable Refuse, ns fuel, 173, 185 


Wade, 351 

Wagon, tipprs and rotary tipplers, 306-.‘i07 
Washing coal, 138 

Waste Fuel, recovery of. Nee Fuel Recovery 
Watson, 97, 359 





aG8 liTILISATION OF LOAy GRADE AND WASTE FUEL'S 


Wety, 131 , 

Wcvnian, t’llasl, furiiiieo gas biiriici’, 1!)2- 
193 

‘ aut^inatjcvgovcnior for, 192 
com bust 1011 ciainiKfr with, 193 
White, 359 < 

Whittaker, ^39 
Willis, 172 
Wollaston, 20K> 359 
Wood - ^ 

boiler tests with. 177 
calorific value of, 174 
eoiupo.sitioti o£il73‘ 


Wood— continued 

for firing boiler-plate heating furnace, 178 
power gas production from, 178-185 
steam generation with, 174-177 
W.Jl. COa indicator. 334-335 
Wright, 129, 359 *’ 

Wriglit, conibhifcl iiidicatiiig anti recording 
sloain ])res8nre gauge, ^40 


Veadou, briqueUing presses, 142-I4<c 
Vorke,* weir water meter, 29t)-297 
Vfl^rkshire boilers, 217-218 
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ADVEETISEIM^NTS iii 

SPEAfelNQ 

water-tube! boilers 

■ » t 

Special advantages claimed for the SPEARING HEADER TYP^ fiOILER 

Th§ essential feature of the Spearing Boiler^is th'^ of circulation, which ensures 

a definite supply of water to the lo^er tubes,* and the ^posit of sediment in the large 
bottom drum instead of in the tubes. 

The result Is — 

Prevention of scale 
In the tubes 

• 

Freedom from 
erosion of tlie 
tubes 

• 

• 

Overload capacity 
only limited by 
grate capacity 

Reduction in clean¬ 
ing costs 

Reduction in repair 
costs 

No danger of steam 
pocketing 

Best average work 
ing efficiency 

Prevention of blis 
terlng 

WORKS; BARROW-IN-FURNESS 

SOME RECENT PUBLIC SUPPLY CONTRACTS 

Stepney Corporation Peterborough Corporation Wimbledon Corporation Birmingham Corporation 

Charing Cross Supply Co. Poplar Borough Council Blackpool Corporation Hyderabad Electricity Supply 
liouihborougb Corporation Watford Corporation Newport Corporation etc. etc. 

* HIGHEST POSSIBLE EFFICIENCY 

Contracts for Boilers of 75,000 lbs. evaporation each now in hand 

VICKERS-8PEARING BOILER C"- Li" 

; ^20 KINQSWAY, LONDON, W.C.2 





iv 


ADVF^RTISEMENTS 


rtagax/n 


^(Uc^s^Loniti/^ of JB-eovru^ 
n7l£4>fujLruca£ Stakl/ruj fuMy pnm/ed! 

Here are the figures of a recent 24 hour < 
Test - at a South Wales Colliery 

n ' .■.“ 
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REPORT 

UMCNMK OOUR 9'T. trSOrt. MSTAIUD AT 
THC CAMMM COUJUtS LTD- CLYMOI SIALt. 
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roMnAWisQN Of resui-ta 

HAfC~FIRED V MEDUNK:AL STOIONG 
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N othing is so convincin^f a« 
u plain BtAteniont. of facts. 
Ilennis Stokers are instnlleil 
in haniiredH of oollienofl. etc., i-ais- 
iri^ steam from tho loa'ost 
•■efwso fuel. 

Innr 

&Ca,Ltd. 
LITTLE HULTON-BOLTON 

& 26Victoria St., londoaS.W.I. 

ye/cp/ionirs l^f4rn\/Qrth-t%2J I'jc/'V/d' • 
Je/f^^j .irns - 'Brnnisim.kHulton'' dfnms.loHhn 
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GAS f OKE 

tHE ANTI-WA^TE BOILER 


FUEL 

TRUE ECONOMY m buel 

PRACTICE DEMANDS— 

SMOKELESS COMBUSTION 
MINIMUM EXCESS OF AIR 
HIGH TEMPERATURE HEAD 
MAXIMUM RADIANT EFFECT 

GAS COKE 

IS ABSOLUTELY SMOKELESS 
REQUIRES IN PRACTICE ONLY 
30 TO 50 PER CENT. EXCESS 
AIR (Goal requires 100-150 per 
cent, excess) 

COKE GIVES THEREFORE A CORRES¬ 
PONDINGLY HIGH TEMPERATURE 
HEAD AND EVAPORATIVE DUTY 

REGARDING RADIANT EFFECT, THE 
FUEL RESEARCH BOARD say: “ Weight for 
weight, COKB gives more RADIANT HEAT than 
coal of higher thermal value." 


fampblets dealing with Coke and Mixtures of low-grade Coal and Coke 
in relation to Smoke Prevention and Fuel F.conomy free on application 

THE LQNDON COKE GOMMITTE]B 

• „ . 8^ HliRSEFERRY ROAD, S.W.l • * 












ADVANTAGES 

Small space required. Little attention. Regular working 
No Boiler or Chimney Stack. No Soot, Smoke or Sparks 
Small Standby Losses 

Ituilt in "'(tfious si\.ts/rout 6 (0 6 ( a .> h.^. per unit 

CROSSLEY BROTHERS, LTD. 

Openshaw MANCHESTER England 

, London Office: 139-141 Queen Victorii. S|reet. E.C.4 

, BRANCHES AND AGENCIES EVERYWHERE 

Telegrams: “GASENGINE," MANCHESTER ''' 'Telephone; ^ty 4a», O-s 
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BABCOCK <a WILCOX 

ENGINEERS AND oInTRACTORS * / * • 

•V WATER-TUBE STiEAM BOILERS 
24.000,000 hsp. 


for 


Land and Marine Work*’ 
' installed or on Order 


Arranged for any kind of Fuel 

6ome 2,500,000 h.p. 
Supplied to Mining and 
Iron and Steel Industries 
&c. 



Hahukk .'s: \Vir.<.:ox I*,(hi.i;ks. iiri 
KA I EKS AND V1I<F.1> Willi 
KURNAtF. Ga'n 


Ht*a<l Oftices: 

BABCOCK HOUSE 
FARRINGDON STREET 
LONDON, E.C.4 


Kl» Wll ll 
IJl.AS 1- 




^ Principal Works : 

RENFREW, SCOTLAND 





Telegrams 

^ Babcock, Cent. London 
Telephone— 

City 6470 (8 lines) 


Hraiidi Works; 
Dumbarton, Sciftlano 
• Oldbu^, England „ 

And In Australia, imd Japaff 

-%-M . » . 




.ir 




^lll'LAND Ei.KCTRICITY WoRKS, ROUIPI'EH with llOii.KKS KITTFV wfTII 
•Sl'i i ruratkrs. Chain Grate Stokhrs, and Sui'KRI'osed Economiskks, 
Crank and Co.nvkvor, nv Baucock it Wilco.n, Ltu, 


IIauliktc .X; WintfV Bdii.ick. i itjkd with Sui'Erhkailh 
A i> Lcdnd.miskk, 1 I ii.imm; \\ as'j ic Uka i i kom Sikmkn.s- 
Martin 1''l'kna(t:s 

These Boilers are fired with Low 
Grade F^iels, Waste Heat from Blast 
I'urnaces, Rc-hcating Furnaces, Coke 
Ovens, S:c. 


Babcock & Wilcox manufacture 

ELECTRIC CRANES 
and CONVEYORS 




ADVERTISEMENTS 


rBRIQUETTE-riACHINERY Ltd. 


Works'^' ’. 
Charmouth Street 
lee5$ jI^ 


Telegrams , 
Briqnette, 

Fbone 23274 


_ .L 


Londoo OTfice 
12 Broadway 
Westmiaster, S. 






£k 

ms 


Tengrame 

Ibbriketia 

Phone 

London 




THE " HERCULES " PRESS. Made in 6 Sizes 

Briquetting Plant for Coal, Coke, Lignite, Sawdust, Ores, etc. 


IMPORTANT NEW BOOKS IN THE “GAS & FUEL SERIES" 


NOW READY 

COKE AND ITS USES: In Relation to Smoke Abatement 

By E. W. NICOL, A.I.E.E., M.l.Mar.E.; Member of the Fuel Economy Committee, Federation of British 
Industries; Engineer and Fuel Expert to the London Coke Committee. 

It is to meet the pressing need for a concise .-md nutlioritAtive work of reference for tlie use of all busine-s men 
and others concerned with the allied subject.s of economical fuel practice and smoke preveniion that this book ha.s 
been specially written. Crown 410, with nunieroiis illu.strations. Price tqs. 6d. net. 

THE SUPERVISION AND MAINTENANCE OF STEAM RAISING PLANT 

By CHARLES A. SUCKAN. A.C.G.I., A.M.I.Mech.E., A.M.N.E.C.Inst. ; Certified Chief Engineer, 
Board of Trade: Consulting Engineer>Cbemi6t. 

The book, though strictly .scientilic, contain.s a wealth of practical illustration drawn from the writer's experience 
ashore and afloat. It will appeal etjunhy to the company director and the plant engineer. - Crown 4to, with aliout 
*50 illustrations. Price36s.net. 

COAL-TAR DISTILLATION- IHIRD EDITION 

By A. R. WARNES, A.Inst.P., M.I.Chem.E., C.I.Mech.E., F.CS. • 

The reception accorded to the last edition —long since out of print-uf Mr Warnes’ book on Coal*Tor Wstillation, 
has induced the author to use it as the nucleus of this large exhaustive treatise which, though issued under tlie same 
title as a “third edition," i« in effect a new work. Crown 4to. Over 500 pages. 151 illu.strations and numeraus 
graphs. Price 45s. net. 

PULVERISED AND COLLOIDAL FUEL ^ 

By J. T. DUNN, D.Sc., F.I.C.; Consulting Chemist and Analyst. 

The author gives an impartial account of the various systems for burning coal in the powdered form which have 
been developed in recent years and applies those principles so as to indicate the conditions under which {rowdered 
coal is t'kely to become available and economically applicable to the purposes of inddjtry. Crown 410, with 
numerous illustrations. Price 255, net. ^ 

- ! - \ - 

ERNEST BENN LIMITED, 8 BOUVERIE STgEET^ E.C.a 
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A WEEKLY JOl 


DEVPTED TO INDl 


RNAL 




STRIAL 


en gineering CH^ISTRY 

THE 

CHEMICAL 


AGE 


IS READ BY 


• Supports all 
Alovements for 

CHEMICAL MANUFACTURERS 
CHEMICAL MERCHANTS 

- ^ - 

Special Articles 

RESEARCH CHEMISTS : 

by Leaders of , 

the Development 

WORKS CHEMISTS : : 

Science, 

of the British 

ANALYTICAL CHEMISTS 

Industry, 

Chemical 

CONSULTING CHEMISTS 

and Commerce. ' 

Industry. 

CHEMICAL ENGINEERS 
CHE.MICAL PLANT * 

ILLUSTRATED 




MANUFACTURERS 



EVERY MONTH the China Clay Trade Review 
Is Incorporated In THE CHEMICAL AQE 


THE CHEMICAL YEAR BOOK. 1924 

FREE to Subscribers of THE CHEMICAL AGE 

Non-Subscribers ..... 10/6 

C O N T E N 'I' S 

Index of Chemic.-il Organisations. Chemical Natncs and Foinuda' 
^of Coimnorci.al Chemicals. Chemical .Stati.slics and .Standard Tables. 
Chemical Price Records. liuyers’ Guide. Advice to Inventors. 
Commercial Users of Industrial Chemicals. Commercial Intelli,gence. 
bankruptcies, etc., for the Year. Interleaved Diarv for the Year 


BENN BROTHERS LTD. 
8 Street, LONDON, E.C.4 
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ADVERTISEMENTS 


RV.F,RY PHASE I OF 
THE GAS INDUS ;RY 

IS AUTHORy:.^'l'<Vt;LY DEALT WITH IN 

THE. GAS WORLD 


PUBUSHEO’EVERY SATURDAY, PRICE EIGHTPENCE 
PREPAID SUBSCRIPTION, U.K., 28/- per annum. Abroad, 32/- 

Tt/F. GAS /VOKLD is rej^niarly read hv CJiair- 
men and Directors of Gas Companies, Managers, 

Engineers' 0//ici<r/s, Ci/emists, F.mploxees of Gas 
Companies, and all who need to he. kept in the closest 
touch soith every phase of the Gas Industry 

ALL READ “ THE GAS WORLD " 


GAS WORLD YEAR BOOK, 1924 

SYNOPSIS OF CONTENTS 

DIRECTORY OK OASWORKS IN GREAl' HRITAIN AND 
IRELAND AND IN" ITIE COLONIES (this Directory yives 
detailed information concerning these yas undertakings). LIST OK 
KOREION GASWORKS OWNED BY BRI TISH COMPANIES. 
STATISTICS OK CARIiU RET TED AND “BLUE” WATER 
GAS I’LAN i s. LIST OK BY-PRODUCT COKING I’LAN'TS IN 
GREAT BRI TAIN. INDE.N OK BRI TISH GAS OKKICIALS. 
BUYER.S' GUIDE. DIAR^■, PO.STAL INKORMATION, Etc., 
and HANDY TABLES KOR GAS MANAGERS 

FRJiK Anmiul Sul.icription t.) “Till'; (:.\.S WORLD” overs a free copy of the 
.. Year Hook. Price to non-.subscrilicrs, 10/6. 

BENN BROTHERS L*T1?. 

8 Bouverle Street. LOND91^ E.^C.4 














